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FOREWORD
Modern c h e m is try  r e l i e s  h e a v i ly  on know ledge o f  th e  
b a s ic  s t r u c tu r e  o f In d iv id u a l  m o le c u le s . By u n d e rs ta n d in g  how 
atom s a re  bonded to g e th e r  to  form th e s e  l a r g e r  a g g re g a te s , we 
n o t on ly  can p r e d ic t  f u tu r e  r e a c t io n s  b u t a l s o  can s y n th e s iz e  
s p e c i f i c  m o lecu les  to  s e rv e  s p e c i f i c  u s e f u l  pu rpose* . Many 
s p e c tro c h e m ic a l to o ls  such  as  I r ,  nmr, uv , and e s r  a r e  g e n e r a l ly  
u sed  to  d e te rm in e  q u a l i t a t i v e l y  th e  n a tu re  o f  bond in g . However, 
by use o f s in g le  c r y s t a l  X -ray  d i f f r a c t i o n  s tu d i e s ,  we can  make 
q u a n t i t a t i v e  a sse ssm e n ts  o f the  bonding  in  th e s e  m o le c u le s . Bond 
le n g th s ,  bond a n g le s ,  p la n a r  a n g le s ,  and to r s io n  a n g le s  a re  th e  
o b s e r v a t io n a l  d a ta ,  and w ith  c a r e f u l  i n t e r p r e t a t i o n  o f th e  
X -ray  d i f f r a c t i o n  r e s u l t s  we may u n d e rs tan d  many o f  th e  s u b t le  
p o in t s  o f bond ing  th e o ry .
The pu rp o se  o f t h i s  s tu d y  was to  o b ta in  a c c u ra te  bond 
le n g th s  and a n g le s  f o r  th r e e  s e le c te d  compounds and to  e x p la in  
th e  bonding  d is p la y e d  in  th e se  m o le c u le s . The f i r s t  two m o lecu les  
a r e  t r a n s i t i o n  m e ta l com plexes, [Pd(FUM N)(PPh^)^! and 
[ir(TCM ) (CO) ( P F h ^ g ]  • % C6H6* M olecu les s im i la r  to  th e s e  a re  
u sed  in  homogeneous c a t a l y s i s  and in  o rd e r  to  r a t i o n a l i z e  a 
m echanism  f o r  th e s e  c a t a l y t i c  r e a c t io n s ,  know ledge o f  th e
iv
m o le c u la r  s t r u c t u r e s  o f  th e  c a t a l y s t  and i t s  in te rm e d ia te s  i s  e s ­
s e n t i a l .  The t h i r d  compound s tu d ie d  i s  th e  o rg a n ic  n a tu r a l  p ro d u c t ,  
T am au lip ln -A , i s o l a t e d  from  c e r t a i n  p o p u la t io n s  o f  th e  p la n t  s p e c ie s  
A m brosia c o n f e r t i f l o r a  DC. Compounds o f  t h i s  ty p e  have been  found 
t o  d i s p la y  a n t i le u k e m ic  and tu m o r - in h ib i to r y  c a p a b i l i t i e s ,  and 
know ledge o f  t h e i r  s t r u c t u r e s  w i l l  be e s s e n t i a l  to  th e  u n d e rs ta n d in g  
o f  why c e r t a i n  o f  th e s e  compounds d i s p la y  t h i s  c a p a b i l i t y  and o th e r s  
do n o t .  T h e re fo re , in  th e  fo llo w in g  t e x t ,  th e  r e s u l t s  f o r  th e s e  
th r e e  X .-ray  d i f f r a c t i o n  s tu d ie s  w i l l  be p r e s e n te d ,  and an  e x p la n a t io n  
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ABSTRACT
The m o le c u la r  s t r u c t u r e  o f  f u m a r o n l t r l l e  b i s  ( t r i p h e n y l -
p h o sp h in e )p a lla d iu ra  ( 0 ) ,  [PdCCNHCCHClOCPPhg^li h a s  been  d e te rm in ed
by X -ra y  d i f f r a c t i o n  a n a ly s i s  u s in g  Mo K a  r a d i a t i o n .  The p a le
y e llo w  compound c r y s t a l l i z e s  in  th e  m o n o c lin ic  space  group  P 2 /n
w i th  fo u r  m o le c u le s  p e r  u n i t  c e l l .  The u n i t  c e l l  ch osen  h a s
d im en s io n s  a, = 2 0 .2 7 8  ( 1 ) ,  b = 9 .3032  ( 1 ) ,  c = 21 .153  (1 )  X,
P = 117 .89  ( 1 ) ° ,  V = 3527 X3 , and FQ00 »  1448 e l e c t r o n s .  The
-3
o b se rv ed  and c a lc u la te d  d e n s i t i e s  a r e  1 .3 3  and 1 .3 4  g.cm  
C o u n te r  m ethods w ere used  in  th e  c o l l e c t i o n  o f  3057 r e f l e c t i o n s  
w hose n e t  i n t e n s i t i e s  w ere  g r e a t e r  th a n  th r e e  tim es  t h e i r  
e s t im a te d  s ta n d a rd  d e v ia t io n s .  The s t r u c t u r e  h a s  b een  r e f in e d  
by  l e a s t - s q u a r e s  m ethods t o  R = 0 .0 6 8  and wR = 0 .0 5 0  w ith  a l l  
p h en y l r i n g s  t r e a t e d  a s  r i g i d  g ro u p s . Each o f  th e  fo u r  m o le c u le s  
i n  th e  u n i t  c e l l  c o n ta in s  a c r y s t a l l o g r a p h i c  tw o -fo ld  a x i s .  
T h e re fo re ,  two h a l f -m o le c u le s  w ere  in v o lv e d  i n  th e  asym m etric  
u n i t ,  b u t bond le n g th s  and a n g le s  in  e a c h - h a l f  do n o t d i f f e r  
s i g n i f i c a n t l y .  The m o lecu le  e x h i b i t s  a  p la n a r  c o n f ig u r a t io n  
w i th  th e  p a l la d iu m , p h o sp h o ru s , and two e th y le n e  ca rb o n  atom s 
d e f in in g  the  m o le c u la r  p la n e .  Bond le n g th s  in  th e  f i r s t  co­
o r d in a t io n  sp h e re  a r e :  P d -P , 2 .3 3 3  ( 1 ) ;  Pd-C , 2 .1 1 4  ( 6 ) ;
x i i
C e  C, 1 .448  (7 )  X.
S in g le  c r y s t a l  X -ray  d i f f r a c t i o n  a n a ly s is  has been
perform ed  on tricy a n o m e th an id o -N -c a rb o n y l b i s  ( t r ip h e n y lp h o s -
p h in e ) i r id iu m  ( I ) .  The y e llo w  c r y s t a l s  o f
[irC C C C lO ^H C O K PPhg^] • % ^6^6 w^ ic h  become amorphous on
s ta n d in g  due to  lo s s  o f  benzene m o lecu les  from th e  l a t t i c e ,
c r y s t a l l i z e  in  th e  t r l c l l n i c  space  group PI w ith  two form ula
u n i t s  p e r  u n i t  c e l l .  The u n i t  c e l l  chosen  had d im ensions a =
11 .615 (9 ) b = 12 .562 ( 9 ) ,  c = 16.976 (12) X, * = 9 1 .2 4  ( 7 ) ,
8 = 99 .4 6  ( 5 ) ,  y  = 114.91 ( 6 ) ° ,  V = 2204 X3, and FQ00 = 866
_ 3
e l e c t r o n s .  The c a lc u la te d  d e n s i ty  i s  1 .32  g.cm . 2386 m easu r­
a b le  i n t e n s i t i e s  w ere c o l le c te d  w ith  Mo K a  r a d i a t i o n  by c o u n te r  
m ethods and used in  th e  l e a s t - s q u a r e s  re f in e m e n t to  produce two 
e q u a lly  v a l id  m odels w ith  w e ig h ted  r e s id u a l  f a c to r s  0 .051  and 
0 .0 5 0 . One cyano group o f  th e  N-bonded tr icy a n o m e th an id e  ion 
(TCM) a p p ea rs  e i t h e r  t o  be d is o rd e re d  o r  to  d is p la y  abnorm ally  
la rg e  v i b r a t i o n a l  m o tio n , b o th  m odels a re  c o n s i s te n t  w ith  a non- 
p la n a r  TCM. The c o o rd in a t io n  geom etry  a b o u t Xr i s  t r a n a  p la n a r ;  
th e  mean TCM p la n e  i s  t i l t e d  c a . 21° w i th  r e s p e c t  to  t h i s  p la n e . 
The I r -N  (TCM) bond le n g th  i s  1 .9 9  (1 ) X, th e  mean X r-P d is ta n c e  
i s  2 .3 3 0  (9 ) X and th e  I r -C  (CO) d is ta n c e  i s  1 , 7 2  ( 2 )  X.
The m o le c u la r  s t r u c tu r e  o f T am aulip in -A , 
a s e s q u ite rp e n e  la c to n e ,  has been  d e te rm in ed  by s in g le  c r y s t a l  
X -ray  d i f f r a c t i o n  a n a ly s i s  u s in g  Mo K a  r a d i a t i o n .  The compound 
c r y s t a l l i z e s  in  th e  o rth o rh o m b ic  space group P2^2j2^ w ith  fo u r
x i i i
m o lecu les  p e r  u n i t  c e l l .  The c e l l  c o n s ta n ts  a re  a, = 7 .8 9 0  ( 9 ) ,  
b = 11.957 (1 3 ) ,  c * 14 .649 (17) 8 , V = 1382 8 3 , and F00Q = 536 
e l e c t r o n s .  The observed  and c a lc u la te d  d e n s i t i e s  a re  1 .20  and
- 3
1 .19  g.cm  r e s p e c t iv e ly .  C ounter m ethods w ere used in  the  
m easurem ent o f  733 r e f l e c t i o n s  whose n e t i n t e n s i t i e s  a re  g r e a te r  
th a n  two tim e s  t h e i r  e s tim a te d  s ta n d a rd  d e v ia t io n s .  D ire c t p h as in g  
m ethods w ere used in  th e  s o lu t io n  and f u l l  m a tr ix  l e a s t - s q u a r e s  
re f in e m e n t in c lu d in g  hydrogen  atoms le d  to  a c o n v e n tio n a l R 
f a c to r  o f 0 .0 4 0 . The two m ethy l g ro u p s a tta c h e d  to  th e  te n  
membered r in g  a re  in  th e  syn c o n f ig u ra t io n  w ith  th e  1 ,5  dou b le  
bonds b o th  t r a n s .
x iv
CHAPTER I .
THE X-RAY STRUCTURE DETERMINATION 
OF




In  1827 th e  D anish p h a rm a c is t, W. C. Z e is e , c h a r a c te r iz e d
1
a compound whose s to ic h io m e try  was PtClg* ^2H4* a<^ i t i o n  to
t h i s  compound, he  I s o la te d  the  s a l t ,  K [PtCl^C 2H ^]. F o r a p e r io d  o f 
127 y e a r s ,  the  s t r u c t u r e  o f th e  s a l t  rem ained  unknown; th e n , in
2
1954, th e  c r y s t a l  s t r u c tu r e  was d e te rm in ed  by X -ray d i f f r a c t i o n .  
Z e i s e 's  s a l t ,  a s  i t  i s  now known, was th e  b e g in n in g  o f  a new e ra  
f o r  in o rg a n ic  c h e m is ts ;  and th e  f i e l d  o f O rg a n o m e ta llic  c h e m is try  
h a s  s in c e  grown to  immense p ro p o r t io n s .  C o u n tle ss  com bina tions 
o f  t r a n s i t i o n  m e ta ls  and o rg a n ic  l ig a n d s  have r e s u l te d  i n  th e  
sy n th e s e s  o f  numerous m o le c u le s .
In  o rd e r  to  r a t i o n a l i z e  th e  way in  w hich m e ta ls  and 
o rg a n ic  l ig a n d s  a re  bound to g e th e r ,  in fo rm a tio n  p e r ta in in g  to  th e  
p h y s ic a l  and e l e c t r o n i c  c h a r a c t e r i s t i c s  o f  o rg a n o m e ta ll ic  compounds 
m ust be o b ta in e d . i r ,  nmr, uv, and o th e r  p h y s ic a l  m easurem ents 
c e r t a i n l y  p ro v id e  us w i th  in fo rm a tio n  a b o u t m o lecu le s  and t h e i r  
p r o p e r t i e s .  However, i n  o rd e r  to  make e x te n s iv e  g e n e r a l iz a t io n s  
and r a t i o n a l i z a t i o n s  ab o u t th e s e  m o le c u le s , th e  bond le n g th s ,  
bond a n g le s ,  t o r s io n  a n g le s ,  and d ih e d r a l  a n g le s  a r e  needed to  
com plete th e  s t r u c t u r a l  p ic tu r e .  Complete d a ta  o f  t h i s  s o r t  a re  
d i f f i c u l t  to  o b ta in  f o r  e v e ry  o rg a n o m e ta l l ic  compound by means o f
2
3X -ray  d i f f r a c t i o n  b e ca u se  o f  th e  c o s t  and c o m p le x ity  o f  th e  
m ethods in v o lv e d .
W. H. B ad d ley  and h i s  c o -w o rk e rs  a t  L o u is ia n a  S ta t e  U ni­
v e r s i t y ,  B aton  Rouge, have le d  r e s e a r c h  g ro u p s around th e  w o rld  in
p r e p a r in g  o rg a n o m e ta l l ic  compounds c o n ta in in g  c y a n o - s u b s t i tu te d
3-9a c e ty le n e  and e th y le n e  m o le c u le s  bonded to  Group V I I I  m e ta ls .
Only a sm a ll number o f  th e s e  compounds have b een  a n a ly z e d  by X -ray
d i f f r a c t i o n  te c h n iq u e s  to  d e te rm in e  th e  m o le c u la r  s t r u c t u r e s . ^  ^
To v e r i f y  th e  c u r r e n t  t h e o r i e s  o f  bon d in g  in  th e s e  u n iq u e
m o le c u le s ,  th e  c r y s t a l  s t r u c t u r e  o f  one member o f  t h i s  cyano s e r i e s
was u n d e r ta k e n . The compound a n a ly z e d  was f u m a r o n i t r i l e b i s ( t r i -
p h e n y lp h o sp h in e )p a lla d iu m , Pd(FUMN)(PPh3) 2 (w here f u m a r o n i t r i l e ,
FUMN = t r a n s  1 , 2 -d ic y a n o e th y le n e ; Ph = p h e n y l g ro u p ) . The s t r u c t u r e
10o f  th e  p la t in u m  a n a lo g , Pt(FUMN)(PPh3) 2 ^ a s  ^ eeri d e te rm in e d , b u t 
i t s  s t r u c t u r e  shows in e x p l i c a b le  d e v ia t io n s  from  th e  t r e n d s  ob­
s e rv e d  i n  th e  o th e r  t h r e e  members o f  t h i s  s e r i e s ,  Ir(H)(CO)(FUMN) 
(PPh3) 2 , n  Ir(B r)(C O )(T C N E )(F Ph3) 2 , 12 and P t ( T C N E ) ( P P h ^ .15 
T h e re fo re ,  th e  c r y s t a l  s t r u c t u r e  a n a ly s i s  o f  Pd(FUMN)(PPh3) 2 was 
i n i t i a t e d  f o r  two r e a s o n s .  The f i r s t  r e a s o n  t h i s  s t r u c t u r e  w a s ' 
u n d e r ta k e n  was t o  com pare th e  bond le n g th s  and a n g le s  w i th  th o s e  
o b ta in e d  f o r  th e  p la tin u m  a n a lo g  whose r e s u l t s  a p p ea r in a c c u r a te ;  
th e  second r e a s o n  was to  add p e r t i n e n t  d a ta  to  th e  s e r i e s  o f
cyano s u b s t i t u t e d  compounds i n  o rd e r  to  s u b s t a n t i a t e  th e  p ro p o sed
35m ethod o f  b o n d in g .
CRYSTAL DATA
The p a le  y e llo w , m o n o c lin ic  c r y s t a l  o f  Pd(FUMN)(PPh^) 
^4 0 ^ 32^ 2^ 2^ *  t h a t  was used  in  th e  d a ta  c o l l e c t i o n  m easured a p ­
p ro x im a te ly  0 .3 0  x  0 .3 2  x  0 .3 0  mm. The c r y s t a l  was mounted a lo n g  
th e  c r y s ta l l o g r a p h ic  b a x is  and had e ig h t  w e l l -d e f in e d  fa c e s  be­
lo n g in g  to  th e  { l00} , (O lO ), {0 0 l} , [ lO l ) ,  and {101} fo rm s. W ith 
su ch  w e ll-d e f in e d  f a c e s ,  o p t i c a l  a lig n m e n t was e a s i l y  acco m p lish ed . 
The m o n o c lin ic  u n i t  c e l l  has d im ensions a = 20 .278  ( 1 ) ,  b = 9 .3032  
( 1 ) ,  _c = 21 .155  (1 ) X, 0 = 117.89 (1 ) °  ( th e  numbers in  p a re n th e s e s  
d e n o te  th e  e r r o r s  in  th e  l a s t  s i g n i f i c a n t  f i g u r e s ) ,  V ■= 3527 X^, 
and Fqqq = 1448 e l e c t r o n s .  The observed  d e n s i ty ,  d e te rm in ed  by 
th e  f l o t a t i o n  te c h n iq u e  u s in g  an  aqueous s o lu t io n  o f  le a d  n i t r a t e ,
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i s  1 .3 3  g.cm  . The c a lc u la te d  d e n s i ty  w ith  fo u r  m o lecu le s  p e r
_3
u n i t  c e l l  i s  1 .3 4  g.cm  . Even though  th e  c r y s t a l  had s e v e ra l  
w e ll-fo rm ed  f a c e s ,  i t s  o v e r a l l  shape was i r r e g u l a r .  The c r y s t a l  
was o r i g i n a l l y  c leav ed  from  a l a r g e r  c r y s t a l  and th e  d im en sio n  o f  
th e  specim en i n  th e  [0 1 0 "] d i r e c t i o n  v a r ie d  from  0 .1 6 0  to  0 .3 2 0  mm. 
C a lc u la t io n  o f  th e  l i n e a r  a b s o r p t io n  c o e f f i c i e n t ,  |jb, was d e te rm in ed  
to  be 6 .39  cm C o n sid e rin g  th e  c r y s t a l  to  be a cube whose edges 
a r e  0 .3 2  mm., M^ max was found to  be 0 .1 8 . Because o f th e  i r r e g u l a r  
shape o f  th e  c r y s t a l  and b ecau se  th e  v a lu e  o f M^ max was finia^ i  no
a b s o r p t io n  c o r r e c t io n  was made.
The o n ly  s y s te m a tic  ab sen ces  e x tr a c te d  from  em ulsion  
f i lm s  were h0£ , h  + Jfc  = 2n + 1. Two space g ro u p s a r e  c o n s is te n t
w ith  th e s e  a b se n c e s , i . e . ,  th e  c e n tro sy n m e tr lc  P 2 /n  number
39 2 3913) and th e  n o n -cen tro sy m m etric  Pn (G , number 7 ) .  S ince
th e  fo rm er c o n ta in s  a c e n te r  o f symmetry, p re l im in a ry  s o lu t io n
o f  th e  s t r u c tu r e  was accom plished  u s in g  t h i s  space  g ro u p . On
c o m p le tio n  o f  th e  s t r u c t u r e ,  b o th  p o s s ib le  space  g ro u p s w ere
te s t e d  and i t  was found t h a t  th e  most l i k e l y  space  group  i s  th e
cen tro sy m m etr ic , P 2 /n .
EXPERIMENTAL PROCEDURE
The o r i e n t a t i o n  and l a t t i c e  p a ra m e te rs  o f  th e  m o n o c lin ic  
c r y s t a l  w ere o b ta in e d  by a s e r i e s  o f  f i lm  ex p o su res  u s in g  Ni 
f i l t e r e d  Cu K 0£ r a d i a t i o n  (X = 1 .541  X ) .  P re c e s s io n  and e q u i in -  
c l i n a t i o n  W eissenberg  camera te c h n iq u e s  w ere used t o  d e te rm in e  
th e  o r i e n t a t i o n  o f  the  c r y s t a l s .  Four c r y s t a l s  w ere o r ie n te d  
in  t h i s  way s in c e  th e  p h o to g rap h s  o f  th e  f i r s t  th r e e  in d ic a te d  
t h a t  th e y  w ere e i t h e r  tw inned o r  th e y  c o n ta in ed  s a t e l l i t e  c r y s t a l s  
w hich  made them u n s u i ta b le  fo r  s in g le  c r y s t a l  d i f f r a c t i o n  w ork.
The d i f f r a c t i o n  p a t t e r n s  d is p la y e d  on em ulsion  f i lm s  by th e  f o u r th  
c r y s t a l  w ere th e n  indexed and th e  s y s te m a tic  a b se n se s  were d e t e r ­
m ined. T h is  c r y s t a l  was judged  to  be a  good s in g le  c r y s t a l  and 
i t  w as, t h e r e f o r e ,  t r a n s f e r e d  t o  th e  E n raf-N o n iu s  PAD-3 d i f f r a c t o ­
m e te r  in  p r e p a r a t io n  fo r  d a ta  c o l l e c t i o n .
B efo re  a lig n m en t and c e n te r in g  p ro c e d u re s  could  be
u n d e r ta k e n , th e  n u l l  v a lu e s  f o r  th e  fo u r  d i f f r a c to m e te r  a n g le s ,
37t h e t a ,  p h i ,  c h i ,  and omega, had to  be d e te rm in e d . The v a lu e  
o f  th e ta  was d e te rm in ed  when th e  X -ray  tu b e  was i n i t i a l l y  a l ig n e d . 
T h is  was done by re d u c in g  th e  power on th e  X -ray  tu b e  to  20 kV 
and 4mA, rem oving th e  beam s to p ,  and d i r e c t i n g  th e  beam in to  th e  
d e te c to r  whose s u r fa c e  was covered  w ith  a th in  le a d  f o i l  to  
a t t e n u a te  th e  im p ing ing  r a d i a t i o n  and p re v e n t damage to  th e
d e te c to r .  The number o f  co u n ts  was m axim ized by chang ing  th e  th e ta  
g e a r  d r iv e  m an u a lly . The th e ta  v a lu e  d is p la y in g  th e  maximum number 
o f  co u n ts  was th e  i n i t i a l  n u l l  th e ta  v a lu e .  T h is  v a lu e  o f  th e ta  
i s  th e  s e t t i n g  a t  w h ich  th e  beam p a s s e s  a p p ro x im a te ly  th ro u g h  th e  
c e n te r  o f  th e  d e te c to r .  S ince  p h i i s  a llow ed  t o  r o t a t e  th ro u g h  
360°, th e  n u l l  v a lu e  f o r  t h i s  a n g le  i s  m ean in g less  andt th e r e f o r e ,  
was s e t  to  z e ro . To d e te rm in e  th e  n u l l  v a lu e s  f o r  c h i and omega, 
th e  c r y s t a l  had to  be p la ce d  on th e  d i f f r a c to m e te r .  U sing f u l l
“ft
power ( 40 kV and 16 mA ) ,  a  r e f l e c t i o n  a lo n g  th e  b a x is  (040) 
was o r ie n te d  ro u g h ly  f o r  d i f f r a c t i o n .  S ince  th e  r o t a t i o n  a x is  
o f  th e  c r y s t a l  was s e t  to  c o in c id e  w i th  th e  b a x i s ,  p h i was 
in d e p en d e n t o f  th e  r o t a t i o n  and was a r b i t r a r i l y  s e t  to  0 .0 ° .
The c h i  an g le  was s e t  to  9 0 .0 ° . The ap p ro x im ate  th e ta  s e t t i n g  
was o b ta in e d  from  B ra g g 's  e q u a tio n ,
n \  = 2d ( s i n  9 ),
o
w here  X = 0 .7107 A f o r  Mo K 0£ r a d i a t i o n .  Omega was v a r ie d  to  
m axim ize th e  beam i n t e n s i t y  and th e  r e f l e c t i o n  was c e n te re d  u s in g  
th e  to p /b o tto m  -  l e f t / r i g h t  h a lf-m o o n s . T h is  method in v o lv e s  
a l t e r n a t e l y  b lo c k in g  th e  to p  and b o ttom  h a lv e s  o f  th e  d i f f r a c t e d  
beam and v a ry in g  c h i to  g iv e  a d e te c to r  re sp o n se  o f  o n e -h a lf  th e  
peak  maximum f o r  each  moon. The th e ta  v a lu e  was v a r ie d  in  th e  
same way u s in g  th e  l e f t  and r i g h t  h a lf-m o o n s . T h is  p ro c e ss  o f  
c e n te r in g  was re p e a te d  u n t i l  c o n s ta n t  v a lu e s  f o r  t h e t a ,  c h i ,  and 
omega w ere o b ta in e d  and r o t a t i o n  a b o u t th e  p h i a x is  p roduced  no
change in  th e  v a lu e  o f  omega a t  maximum p eak  i n t e n s i t y .  The n u l l  
v a lu e  f o r  omega was ta k e n  to  be  th e  number o b ta in e d  in  th e  m axim i­
z a t i o n - c e n te r in g  o f  th e  (040) r e f l e c t i o n .  The n u l l  c h i  was c a lc u ­
la t e d  by  s u b t r a c t i n g  90° from  th e  v a lu e  o b ta in e d  In  th e  c e n te r in g  
o f  th e  (040 ) r e f l e c t i o n .
At t h i s  p o in t ,  th e  f i n e  t h e t a  n u l l  s e t t i n g  was d e te rm in e d  
by  l o c a t in g  a r e f l e c t i o n  (1000) in  th e  h0£ p la n e .  The r e f l e c t i o n  
i n t e n s i t y  was m axim ized by th e  to p /b o tto m  c e n te r in g  te c h n iq u e  d e s ­
c r ib e d .  Once c e n te r e d ,  th e  F r i e d e l  tw in  (1000) was a l s o  c e n te re d  
by ch an g in g  o n ly  t h e t a  t o  n e g a t iv e  t h e t a .  W hen 'both  r e f l e c t i o n s  
had b een  m axim ized i n  i n t e n s i t y ,  th e  a v e ra g e  o f  th e  two t h e t a  
v h lu e s  was th e  t h e t a  n u l l ;  t h i s  was e q u a l to  0 .0 0 ° .
T hree  r e f l e c t i o n s ,  c e n te re d  by  th e  p re v io u s  m ethod, 
w ere in p u t  to  ORIENT**’ and a p a r t i a l  l i s t i n g  o f th e  g e n e r a l  r e ­
f l e c t i o n  in d ic e s ,  w i th in  th e  s p e c i f i c a t i o n s  o f  th e  m ach ine , and 
t h e i r  t h e t a ,  p h i ,  and c h i  (omega = omega n u l l )  v a lu e s  was 
g e n e r a te d .  From t h i s  l i s t ,  50 r e f l e c t i o n s  w ere c a r e f u l l y  
c e n te re d  and a l e a s t - s q u a r e s  d e te r m in a t io n  (from  ORIENT) o f  th e  
l a t t i c e  p a ra m e te rs ,  o r i e n t a t i o n  a n g le s ,  and n u l l  v a lu e s  o f  th e  
d i f f r a c to m e te r  a n g le s  was o b ta in e d .
U sing  th e s e  n u l l  v a lu e s  and l a t t i c e  p a ra m e te r s ,  a
16s e t  o f  c o n t r o l  c a rd s  was g e n e ra te d  by DIFSET f o r  c o l l e c t i o n  o f  
d i f f r a c t i o n  d a ta .  6380 i n t e n s i t y  d a ta  w ere c o l l e c te d  a u to m a t ic a l ly  
o v e r a p e r io d  o f  s ix  w eeks u s in g  Zr f i l t e r e d  Mo K O' (X = 0 .7107  X)
r a d i a t i o n .  The th e ta / tw o  th e t a  sc a n  m ethod waa u sed  i n  th e  c o l -
17l e c t i o n  o f  i n t e n s i t i e s .  The sc a n  ra n g e  was d e te rm in e d  f o r  each  
r e f l e c t i o n  from  th e  e q u a t io n ,
A 9 = % ( ACON + BCON (TAN 9 ) ) ,  
w here  ACON and BCON a r e  c o n s ta n ts  whose v a lu e s  w ere s e t  a t  1 .8 0  
and 1 .0 0 . S u c c e s s iv e  a t t e n u a t o r s  w ere  a u to m a t ic a l ly  p la c e d  i n  
th e  beam u n t i l  th e  c o u n tin g  r a t e  was l e s s  th a n  2000 c o u n ts  p e r  
seco n d . The 20 second  background  c o u n ts ,  co nducted  b e f o r e  and 
a f t e r  e a c h  r e f l e c t i o n  s c a n , w ere  u sed  in  DIFDAT^ to  c o r r e c t  th e  
m easured  i n t e n s i t i e s  f o r  e x tra n e o u s  background  by s u b t r a c t in g  
th e  a v e ra g e  backg ro u n d s from  th e  m easured i n t e n s i t i e s  to  y ie ld  
th e  n e t  i n t e n s i t i e s .  The s ta n d a rd  d e v ia t io n  o f  th e  n e t  i n t e n s i t y  
was c a lc u la t e d  from  th e  e q u a t io n ,
a  ( I )  = ( Cx + ( t ( s c a n ) /  ( t fil + + CB2}^
w here C^., an<* c^2 a re  t *ie t o t a ^ c ° u n t s » c o u n ts  b e fo re  th e  s c a n ,
and c o u n ts  a f t e r  th e  scan  r e s p e c t i v e l y .  The t ( s c a n ) ,  and t ^
te rm s r e p r e s e n t  th e  tim e  f o r  sca n n in g  th e  r e f l e c t i o n  and th e  tim e 
f o r  background  c o u n ts  b e fo re  and a f t e r  th e  r e f l e c t i o n  s c a n .
A lo r e n t z  and p o l a r i z a t i o n  c o r r e c t io n  o f
1 + c o s2 (29 )
Lp = * ' *.........  —
2 s in  (26 )
18was a p p l ie d  to  th e  o b serv ed  i n t e n s i t i e s .  Reduced d a ta  w ere 
punched on com puter c a rd s  f o r  f u tu r e  u s e .
In  o rd e r  to  e n su re  th e  r e l i a b i l i t y  o f  th e  d a t a ,  th r e e  
s ta n d a rd  r e f l e c t i o n s  w ere  i n s e r t e d  betw een e v e ry  100 m easured  
r e f l e c t i o n s .  By c o n tin u o u s ly  m o n ito r in g  th e  i n t e n s i t i e s  d is p la y e d  
b y  th e  s ta n d a rd  r e f l e c t i o n s ,  d e t e c t io n  o f  c r y s t a l  movement, decay  
o f  th e  c r y s t a l ,  o r  p o s s ib le  m achine e r r o r  co u ld  be d e te c te d .  The 
l a r g e s t  d e v ia t i o n  o f  th e  s ta n d a rd  i n t e n s i t i e s  w as 0.2%  w hich  was 
ta k e n  a s  An i n d i c a t i o n  t h a t  th e  c r y s t a l  was v i r t u a l l y  s t a t i o n a r y ,  
w i th  no d e ca y  and no m a lfu n c tio n  due to  th e  d i f f r a c to m e te r  
sy stem .
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SOLUTION OF THE STRUCTURE
Of th e  com plete  s e t  o f  6380 m easured  I n t e n s i t i e s ,  3223
w ere  o b se rv ed  r e f l e c t i o n s  ( I . e . ,  th o s e  w i th  n e t  I n t e n s i t y  g r e a t e r
th a n  3 <J ( I ) ) .  The o b serv ed  s t r u c t u r e  f a c t o r s ,  o b ta in e d  from
th e s e  d a ta ,  w ere u sed  I n  th e  c a l c u l a t i o n  o f a P a t t e r s o n  i n t e r -
17a to m ic  v e c to r  map. S e v e ra l  p o s s ib le  s o lu t io n s  t o  th e  P a t t e r s o n  
map w ere  t r i e d  u n s u c c e s s f u l ly  b e fo re  p o s i t io n s  o f  th e  two p a lla d iu m  
and two ph o sp h o ru s  atom s w ere  found  w hich  y ie ld e d  a r e s id u a l  
v a lu e  (R) o f  0 .2 9 .  The r e s i d u a l  f a c t o r ,  w h ich  m easu res  th e  
c lo s e n e s s  o f  f i t  o f  th e  c a lc u la t e d  and o b serv ed  s t r u c t u r e  f a c t o r s ,  
i s  d e f in e d  as
R = £  | Fo -  F c | /  S  | Fo | .
Once th e  Pd and P atom s w ere p o s i t io n e d ,  th e  EXECXRAY
67 packaged  com puter program  was used  to  g e n e r a te  a F o u r ie r  d i f -
f e r a n c e  map, c a l c u l a t i n g  ro u g h  p h a se s  f o r  th e  r e f l e c t i o n  d a ta
19by  u s in g  th e  p a l la d iu m  and phosphorus a to m ic  c o o r d in a te s .  By
c a l c u l a t i n g  s e v e r a l  s u c c e s s iv e  F o u r ie r  m aps, u s in g  p h a se s  d e r iv e d
from  p re v io u s  m aps, a d d i t i o n a l  atom s o f  t ie  m o lecu le  w ere lo c a t e d .
When th r e e  o r  m ore c a rb o n s  in  a p h en y l r i n g  o f  th e  t r ip h e n y lp h o s p h in e
20l ig a n d s  w ere l o c a t e d ,  com puter program  RBANG was used  to  o b ta in  
th e  t h e o r e t i c a l  p o s i t i o n s  f o r  th e  re m a in in g  p h en y l c a rb o n s . T h is  
r i g i d  group m ethod in v o lv e s  t r e a t i n g  th e  p h en y l r i n g  a s  a r i g i d
r e g u la r  hexagon . A l o c a l  o r ig i n ,  e s t a b l i s h e d  on one o f  th e  c a rb o n s  
( u s u a l ly  th e  c a rb o n  bonded to  th e  p h o s p h o ru s ) , d e f in e d  an  Id e a l  
r i n g  whose G-C bond le n g th s  w ere a l l  1 .3 9 4  A. ” U sing  t h i s  
r i g i d  g roup  and th e  p o s i t i o n s  o f  known o r s u sp e c te d  c a rb o n  a tom s, 
RBANG c a lc u la te d  th e  c r y s t a l  c o o rd in a te s  f o r  th e  unknown carb o n  
atom s a s  w e l l  a s  th e  E u le r  ( o r i e n t a t i o n )  a n g le s  f o r  th e  r i g i d  
b o d y . ^  ^  A t l e a s t  t h r e e  o f  th e  s i x  p h en y l c a rb o n s  w ere needed 
in  o rd e r  to  d e f in e  th e  p la n e  in  w hich  th e  r i n g  was p o s i t io n e d .
By u s in g  th e  m ethod o f  F o u r ie r  s y n th e s is  in  c o n ju n c t io n  w ith  
th e  RBANG r o u t i n e ,  a l l  non -h y d ro g en  atom s w ere  lo c a te d .  However, 
w i th  th e  la r g e  number o f  p o s i t i o n a l  and th e rm a l p a ra m e te rs  in v o lv e d  
i n  t h i s  m o le c u le , a l e a s t  sq u a re s  program  d e s ig n e d  to  t r e a t
25p h en y l r i n g s  a s  r i g i d  g ro u p s  was u s e d . T h is  p rogram , ORFLSD 
(Oak R idge F o r t r a n  L e a s t  S q u a re s , v e r s io n  D ), was used  i n  th e  f u l l  
m a t r ix  l e a s t - s q u a r e s  re f in e m e n t  o f  th e  a to m ic  p o s i t io n s  and th e rm a l 
p a ra m e te r s .  The u se  o f  ORFLSD w ith  r i g i d  group  re f in e m e n t red u ced  
th e  t o t a l  number o f  v a r i a b l e  p a ra m e te rs  from  201 t o  79 . F u l l  
m a tr ix  l e a s t - s q u a r e s ,  m in im iz in g  th e  f u n c t io n  2  w( | Fq | -  j F^ | )^  
was c a r r i e d  o u t  w i th  w (w e ig h t)  = 1 and th e  R v a lu e ,  a f t e r  th r e e  
c y c le s ,  waB 0 .1 8 .
The r e s i d u a l  e l e c t r o n  d e n s i t y  i n  a d i f f e r e n c e  s y n th e s is  
in d ic a te d  t h a t  th e  Pd and P atom s w ere u n d e rg o in g  h ig h ly  a n i s o t r o p ic  
th e rm a l m o tio n . T h e re fo re ,  a c o r r e c t io n  f o r  th e  a n is o t r o p y  in  th e  
th e rm a l m o tio n  o f  th e  Pd and P atom s was c a lc u la te d  a s ,
T = ex p ( * (h 2 p11  + k 2 P22  + j&2 P33  + 2(hkP 12  + h£p13  + kj&P23» ) ,
w here  h , k ,  and A a r e  th e  in d ic e s  o f  r e f l e c t i o n  (hk£) and th e
P j j ' s  a re  th e  a n i s o t r o p i c  th e rm a l f a c t o r s .  S in ce  th e  p a lla d iu m
o c c u p ie s  a s i t e  o f  tw o -fo ld  c r y s t a l l o g r a p h i c  sym m etry ( 2 e and 2 f ,  
39number 1 3 ) , th e  th e rm a l p a ra m e te rs  p^2 and P23  a r e  I n v a r i a n t  
and i d e n t i c a l l y  z e ro .
A t t h i s  p o in t ,  a s im p le  w e ig h tin g  scheme was a p p l ie d  
i n  th e  form  o f
w = 1 /  ( s i g  Yo) 2 , 
w here ( s i g  Yq) i s  th e  s ta n d a rd  d e v ia t io n  o f  th e  o b serv ed  s t r u c t u r e  
f a c t o r  d e f in e d  a s ,
s ig  Yq = s ig (X ) /  2 .0  (  Lp *
W ith  th e  a d d i t i o n  o f  th e  w e ig h tin g  scheme and th e  im proved th e rm a l 
m odel, c l o s e r  ag reem en t be tw een  th e  o b serv ed  and c a lc u la te d  
s t r u c t u r e  f a c t o r s ,  a f t e r  th r e e  c y c le s  o f  l e a s t - s q u a r e s ,  was r e ­
f l e c t e d  in  th e  r e s i d u a l  v a lu e s  R = 0 .0 9 0  and R^ = 0 .0 8 6 , w here R^ 
i s  th e  w e ig h ted  r e s i d u a l  f a c t o r ,
= ( 2 w( I Fo | -  | Fc | ) 2 / E »  | F0 | 2 )*.
S in ce  th e r e  w ere t h i r t y  hydrogen  atom s d i s t r i b u t e d  among 
th e  s ix  t r ip h e n y lp h o s p h in e  g ro u p s , c a lc u la te d  p o s i t i o n s  f o r  th e s e  
atom s assum ing  a C-H bond le n g th  o f  1 .0 0  £ ,  w ere  su b m itte d  w ith  
th e  o th e r  a to m ic  c o o r d in a te s  to  ORFLSD. The l e a s t - s q u a r e s  c y c le s  
p roduced  r e s i d u a l  f a c t o r s  o f  R = 0 .0 8 0  and Rw ■= 0 .0 6 2 . Up to  t h i s
p o in t ,  re f in e m e n t had h e ld  a l l  phenyl carb o n  te m p e ra tu re  f a c to r s  
e q u iv a le n t .  Three a d d i t io n a l  c y c le s  o f  ORFLSD w ere computed 
v a ry in g  in d iv id u a l  i s o t r o p i c  te m p e ra tu re  f a c to r s  o f th e  r in g  c a r ­
bons to  g iv e  R = 0 .067  and R^ , = 0 .0 5 3 .
Once th e  l e a s t - s q u a r e s  p ro c e ss  was com pleted , th e  d a ta  
w ere rev iew ed  and 83 r e f l e c t i o n s  w ere found to  be re d u n d an t and 
78 w ere n o t w e l l  re c o rd e d . These 166 r e f l e c t i o n s  w ere removed from  
th e  d a ta  s e t  le a v in g  3057 r e f l e c t i o n s .  A f te r  two a d d i t io n a l  
c y c le s  o f  ORFLSD, th e  f i n a l  r e s id u a l  v a lu e s  w ere R = 0 .0 6 8  and
R = 0 .0 5 0  w ith  an  e r r o r  o f  f i t  (ERF) = 2 .8225  where w
ERF = S w (  | F | -  | F | ) 2 /  (3057 -  125). o c
The above s o lu t io n  and re f in e m e n t o f  th e  s t r u c tu r e  were
c a r r ie d  ou t i n  th e  cen tro sy m m etric  space  g ro u p , F 2 /n . However, th e
n o n -cen tro sy m m etric  space g ro u p , Pn, i s  a l s o  c o n s is te n t  w ith  th e
d i f f r a c t i o n  d a ta .  The in v e r s io n  c e n te r  and tw o -fo ld  symmetry
c o n s t r a in t s  w ere rem oved, th e  atom f r a c t i o n a l  c o o rd in a te s  were
s h i f te d  a t  random by 0 .001  to  0 .0 0 5  from  t h e i r  r e f in e d  p o s i t io n s
to  p re v e n t fo rm a tio n  o f  a s in g u la r  m a tr ix ,  and th e  f u l l  m a tr ix
le a s t - s q u a r e s  p ro ced u re  was a tte m p ted  in  th e  space g ro u p , Pn.
F iv e  c y c le s  o f  ORFLSD l e a s t - s q u a r e s  re f in e m e n t were c a lc u la te d ,
b u t  com plete  convergence ( a l l  p a ra m e te rs  s h i f t / e r r o r  <  1 . 0 )
could  n o t be a c h ie v e d . The r e s id u a l  v a lu e s  a t  t h i s  p o in t  w ere
R = 0 .0 6 0  and R = 0 .0 4 4 . By use  o f  th e  H am ilton R - fa c to r  r a t i o  w
28t e s t ,  we can r e j e c t  th e  h y p o th e s is  t h a t  th e  cen tro sy m m etric
sp ace  group i s  th e  more c o r r e c t  o f  th e  two s o lu t io n s  a t  th e  99.5% 
c o n fid e n c e  l e v e l .  The r e s u l t s  t e l l  u s f t h a t  i f  we r e j e c t  th e  
c e n tro sy m m e tr ic  s t r u c t u r e ,  we w i l l  s u b je c t  o u r s e lv e s  to  a r i s k  
o f  r e j e c t i n g  th e  t r u e  h y p o th e s is  l e s s  th a n  0.5%  o f th e  tim e .
T h is  t e s t  s u g g e s ts  t h a t  th e  n o n -c e n tro sy m m e tr ic  s t r u c t u r e  co u ld  
be c o r r e c t .  However, s c r u t in y  o f  th e  c a lc u la te d  bond le n g th s  
showed t h a t  th e  v a lu e s  f o r  th e  Pn m odel d id  n o t make s e n s e . C-N 
bond le n g th s  v a r ie d  from  0 .9 5 0  to  1 .4 0 6  £  and th e  C-C le n g th s  
ran g ed  from  1 .1 8 4  to  1 .7 5 3  F u r th e rm o re , th e  c o r r e l a t i o n  m a tr ix  
from  th e  f i f t h  l e a s t  sq u a re s  c y c le  in d ic a te d  by th e  la r g e  c o r ­
r e l a t i o n  c o e f f i c i e n t s  ( >  0 .9 5  ) t h a t  atom s in  Pn a r e  r e l a t e d  by 
a tw o -fo ld  a x i s .  T h e re fo re , on th e  b a s i s  o f  ch em ica l argum en ts  
p r im a r i ly  based  on th e  w ide ra n g e  o f  bond a n g le s  and by th e  h ig h  
c o r r e l a t i o n  c o e f f i c i e n t s ,  th e  c o r r e c t  sp ace  group was chosen  to  
be P 2 /n . I t  sh o u ld  a l s o  be m en tioned  t h a t  th e r e  i s  a p seu d o ­
c e n te r  o f  sym m etry a t  h,  h r e l a t i n g  th e  m o le c u le s  in  p a i r s
w h ich , i f  g e n u in e , would p ro v id e  th e  sp ace  group  A 2 /a . F ig u re  1
38i s  a s t e r e o  p l o t  o f  th e  com pleted  s t r u c t u r e .
S in ce  th e  c r y s t a l l o g r a p h i c a l l y  in d e p en d e n t u n i t  c o n ta in s  
two h a lv e s  o f  two s e p a r a te  m o le c u le s , th e  s t r u c t u r a l  d a te  in  th e  
fo l lo w in g  t a b l e s  c o n ta in  v a lu e s  from  m o le c u le  o n e , m o lecu le  tw o,
and th e  w e ig h ted  a v e ra g e  o f th e  tw o. T ab le  I  l i s t s  th e  a to n ic
c o o rd in a te s  w i th  t h e i r  r e s p e c t iv e  th e rm a l p a ra m e te rs .  D ata used 
in  ORFLSD f o r  th e  o r i e n t a t i o n  a n g le s  o f  r i g i d  phenyl g ro u p s a r e
FIGURE 1.
The M o lec u la r  C o n f ig u ra t io n  o f 
[Pd (FUMN)(PPh3) 2 ]

TABLE I .
Atom ic C o o rd in a te s  and Therm al P a ra m e te rs  F o r 
[Pd(FUMN)(PPh3) 2 ]
TABLE I .
Atom C oord in a tes  For The [Pd(FUMN) ( P P h ^ j l  Using P2 / n  Space Group.
Atom x CIO4  o) y ( 104  a) z ( 104  a) B (10 a
M olecule #1 
Pd 1A 0.2500 -0 .3 4 4 5  (1) - 0.2500 *
P 1 0.3556 (1) -0 .2 0 6 1  ( 2 ) 0.3190 (1) *
C 1 0 .2891 (4) ' -0 .5 5 8 5  ( 8) 0.2730 (4) 4 .0  ( 2)
C 2 0.3140 (5) -0 .5 9 9 3  (10) 0.3457 ( 6) 5 .4  (2)
N 1 0 .3274 (5) -0 .6347  (10) 0 .4024 (5) 7 .6  (2)
Phenyl r in g  A** 0.5061 ( 2 ) -0 .3 7 5 6  (4) 0 .3508 (2) 1 .6  ( 1 )
C 3 0.4413 -0 .3 0 4 5 0.3404 2 .3  (2)
C 4 0.4473 -0 .3590 0.2819 2 .9  (2)
C 5 0.5121 -0 .4302 0.2924 3 .5  (2)
C 6 0.5709 -0 .4 4 6 8 0.3612 4 .7  ( 2 )
C 7 0.5649 -0 .3922 0.4197 6 .0  (3)
C 8 0.5001 -0 .3211 0.4093 4 .6  (2)
H 4*** 0.4051 -0 .3471 0.2325 6 .0




Atom x ( 104  a) 7  C10^
Phenyl r in g  A**
H 6 0.6174 -0 .4 9 7 8
H 7 0.6071 -0 .4041
H 8 0.4958 -0 .2819
Phenyl r in g  B** 0.3566 (2) -0 .1 1 9 3
C 9 0.3599 -0 .1 5 3 3
C 10 0.3629 - 0 .0 1 0 2
C 11 0.3595 0.0238
C 12 0.3532 -0 .0853
C 13 0.3502 -0 .2 2 8 5
C 14 0.3536 -0 .2 6 2 5
H 10*** 0.3674 0.0681
H 11 0.3616 0.1265
H 12 0.3508 -0 .0609
H 13 0.3457 -0 .3 0 6 8
z (104 ct) B (10 ct)
0.3687 6 .0
0.4691 6 .0
0.4512 6 . 0
0.4666 (2) 1 .9  (1)
0.4040 2 .0  ( 2 )
0.4246 2 .9  (2)
0.4872 3 .9  (2)
0.5291 4 .8  (3)
0.5085 6 .3  (3)
0.4459 5.0 (2)
0.3945 6 .0






Atom x  <104  a) y  ( 104  cr) z ( 104  <j) B (10 a
Phenyl r in g  B**
H 14 0 .3515 -0 .3 6 5 2 0.4312 6 .0
Phenyl r in g  C** 0.3869 (2) 0.0817 (4 ) 0 .2536 (2) 1 . 0  ( 1)
C 15 0 .3742 -0 .0 4 2 6 0.2831 2 .5  (2)
C 16 0.4382 0.0391 0.3225 4 .3  (2)
C 17 0 .4509 0.1635 0.2931 4 .4  ( 2 )
C 18 0.3996 0.2061 0.2242 4 .4  (2)
C 19 0.3357 0 .1244 0.1848 4 .7  ( 2 )
C 20 0.3230 0 .0 0 0 0 0.2142 3 .8  (2)
H 16*** 0.4749 0.0085 0.3719 6 . 0
H 17 0 .4968 0 .2 2 2 1 0 .3214 6 .0
H 18 0.4087 0.2954 0.2031 6 . 0
H 19 0.2989 0.1550 0.1345 6 .0
H 20 0.2771 -0 .0 5 8 6 0.1859 6 .0
TABLE I .
(Continued)
Atom x (IQ4 O') y (104 o)
M olecule #2
Pd 2A 0.7500 -0 .2183  (1)
P 3 0 .6536 (1) -0 .3 5 2 5  (2)
C 41 0.7142 (5) -0 .0 0 5 0  (9)
C 42 0.7166 (5) 0 .0320 (9)
N 3 0.7187 (5) 0 .0628 ( 8)
Phenyl r in g  D** 0 .5975 (2) -0 .6 4 3 9  (4 )
C 43 0.6207 -0 .5171
C 44 0.5549 -0 .5837
C 45 0.5317 -0 .7 1 0 5
C 46 0.5742 -0 .7707
C 47 0.6400 -0 .7040
C 48 0.6633 -0 .5772
H 44 0 .5244  -0 .5 4 0 5
H 45 0 .4844  -0 .7583
H 46 0.5576 -0 .8617
z (104 ct) B (10 <j)
0.2500 *
0.1621 ( 1) *
0.2169 (4) 4 .2 ( 2)
0 .1524 (5) 4 .8 ( 2)
0.1009 (4) 6 .7 ( 2)
0.2039 ( 2) 0 .7 ( 1)
0.1853 3 .0 ( 2 )
0 .1364 4 .5 ( 2 )
0 .1550 4 .7 ( 2)
0 .2225 4 .5 ( 2)
0 .2714 4 .3 ( 2)
0 .2528 3 .4 ( 2 )
0.0880 6 .0





Atom x ( 104  ct) y  ( 104
Phenyl r in g  D** 
H 47 0.6706 -0 .7 4 7 2
H 48 0.7105 -0 .5 2 9 4
Phenyl r in g  E** 0.5002 (2) -0 .1 7 1 0
C 49 0.5665 -0 .2 4 8 8
C 50 0.5408 -0 .1 9 9 6
C 51 0.4745 -0 .1 2 1 8
C 52 0 .4338 -0 .0 9 3 2
C 53 0.4595 -0 .1 4 2 4
C 54 0.5258 - 0 .2 2 0 2
H 50 0.5700 - 0 .2 2 0 0
H 51 0.4561 -0 .0 8 6 5
H 52 0.3862 -0 .0 3 7 4
H 53 0.4303 -0 .1 2 1 9
H 54 0.5442 -0 .2 5 5 5
z (104 ct) B (10 a)
0.3198 6 .0
0.2878 6 .0
0.0963 (2) 1 .3 ( 1)
0.1224 2 .7 ( 2 )
0.1692 3 .4 ( 2 )
0 .1431 4 .7 ( 2 )
0.0701 5 .4 ( 2 )
0 .0233 5 .3 ( 2 )
0 .0494 3 .7 ( 2 )
0 .2216 6 .0
0.1767 6 .0
0.0513 6 .0





Atom x ( 104  a) y ( 104  ct) z ( 104  ct) B (10 a)
Phenyl r in g  F** 0.6895 (2) -0 .4 3 5 4  (5) 0.0333 (2) 2 .5  (1)
C 55 0.6724 -0 .4028 0.0883 1 .5  (2)
C 56 0.6979 -0 .2953 0.0592 3 .4  (2)
C 57 0.7151 -0 .3279 0.0043 4 .4  (3)
C 58 0.7067 -0 .4681 -0 .0216 4 .6  (3)
C 59 0.6812 -0 .5756 0.0074 5 .8  (3)
C 60 0.6640 -0 .5430 0.0623 4 .0  (2)
H 56 0.7039 -0 .1947 0.0778 6 .0
H 57 0.7334 -0 .2 5 0 8 -0 .0 1 6 5 6 .0
H 58 0.7191 -0 .4 9 1 5 -0 .0610 6 .0
H 59 0.6752 -0 .6762 - 0 .0 1 1 2 6 .0
H 60 0.6457 -0 .6201 0.0831 6 .0
* A n is tro p ic  th e rm al p a ram ete rs  f o r  th e  p a llad iu m  and phosphorus atoms a re  o f  the
form e x p ( - (h 2 pn  + k 2p22  + + 2 (hkP12 + h iP 13 + W P23» ) .
Atom 105 Bn
TABLE I .  
(F o o tn o te s  C ontinued)
1 ° 5 b2 2  10s b33 105  P12 105 s 13 105  *23
Fd 1A 272 (4) 781 (15) 264 (4) 0 125 (3) 0
P 1 263 (9) 780 (33) 256 ( 8) -2 6  (13) H I  (8) -o  (13)
Pd 2A 238 (4) 796 (14) 268 (4 ) 0 102 (3) 0
P 3 256 (9) 908 (34) 234 ( 8 ) -71  (14) 110 (7) -57 (13)
**The o r ig in s  o f  th e  phenyl r in g s  were p laced  a t  th e  c e n te r  o f  th e  r in g s  in  th e  p lane  
o f  th e  r in g s .  The tem p e ra tu re  f a c to r s  (B) re p o r te d  a re  f o r  th e  r in g  and the  in d iv id ­
u a l ly  r e f in e d  a tom ic  f a c to r s .  The a c tu a l  B f o r  each  atom  o f  th e  g r o u p , th e r e f o r e , i s  
th e  sum o f  the  group B p lu s  th e  in d iv id u a l  r e f in e d  v a lu e .
***The p o s i t io n s  o f  th e  hydrogens were c a lc u la te d  u s in g  1 .0 0  8  a s  th e  carbon-hydrogen 
bond d is ta n c e .
l i s t e d  in  T ab le  I I .  O bserved and c a lc u la te d  s t r u c t u r e  f a c t o r s  a r e  
i n  T ab le  I I I .  Bond le n g th s  and a n g le s  a r e  p re s e n te d  In  T ab le  IV. 
The g e o m e tr ic a l  d e s c r ip t i o n  o f  l e a a t  sq u a re s  m o le c u la r  p la n e s  and 
t h e i r  d ih e d r a l  a n g le s  l a  sum m arized i n  T ab le  V.
TABLE I I .
E u le r ia n  R o ta t io n  A ng les F o r The R ig id  Groups
In
[Pd(FUM N)(PPh^)2 ]
TABLE I I .
E u le r ia n  R o ta tio n  A ngles ( i n  d e g re es)  For The Phenyl R ings 
As R ig id  Groups For [Pd(FUMN) (P F h p ^ 3*
Group 0 (10 o) 0 (10 o)








64 .6  (3) 
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-1 8 7 .0  (3)
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T rea ted
R (10 a)
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-2 9 .9  (3)
TABLE I I I .
The O bserved And C a lc u la te d  S t r u c tu r e  F a c to r s
F o r
[Fd(FUMN)(PFh3 ) 2 ]
30
l 7f a* * ■ aa to H • k f t Ft * t  k 7* Ft N ■ t K *■ « k TC to
-* TI4 TI4 1 *• - I t aa* •41 ■ a at n a !•# ■ -T -!• •aa 4*t 1 -* ■ 41* IT* >4 -« •■• •a*
- I t ilia I IM 1 ta a n IM * ■ »•* *4t ■ II ■ -F |« h i IM •  -a -k l*«l H ll •ft -4 It! l if
-H IM •I* 1 *1 *•# IT* •If ■ • -■■ *•■ taa ■ -» -II Mt 01* a >• « H I **• -■ -• 4*P HI
•  II in IT* 1 - t  -11 i* IM • - i * 44* •ia • *r i i 114 IM a •* • k 411 •01 *4 -1* m • 04
H I ■fa 1 -> * IM Ml • -i - i IM 114 • -T -|4 4|* M l t  -* a Ttt t t l >4 11 •at • u
• I I | l | h i 1 - t • *11 44* ■ *i * Ml ■41 • -p *1* ■ It 104 ■ -* -k 411 0*4 «t >M IM 144
4 a* in 1 *1 •■ •I t ■at •  -i ■ 111* 1ITT • - f ia a* ••• t p TT* 1*0 •4 >11 •40 l i t
•T 444 ■at 1 *1 -a U l • IT t  «i -a Ml •44 ■ - r  -ia *47 441 •  -a a l i t l«t - t  ia •TO li t
0 a n H I 1 • ! • i aft 144 •  -i it Ml TCI * -» - i t HI It* i  -■ -a 4k I 111 -a - i t 1*1 •kl
-ft 414 MT 1 -4 -a iaia !•*■ • *i n 1*10 14*4 i *o i •IF M l i  >* •a ■IT t i l -« -  it •41 MO
II •«t 414 1 >1 T a n mt •  «i -ii f i t *•* a -a «• H i Fit i  •* i t tPI #07 *4 -If H I •  ■•
II HIT 1114 1 •* ? l* lt !••« t  -i n IM 1*4 a •■ •■ H i If* ■ *» ■ ia 4k* • 1* *■ - | Mk IT*
t r 4 | | •44 1 •» 4 •ta •«• •  »■ -it H I 4*4 • - t  i H I ■ *4 i  -* - ii •a t MO -a -a *44 *44
•* • *» H I 1 -I ia n ia ti •  -i >•• • Ft ■4* ■ *4 »1 • ■■ 44* a •■ - i i 1*4 at* -* -a 1 ■• |7 |
-IB IT* • FT 1 -I * Ml *44 a -i >*• Ml MF * -a -• ta* F*« t  -a i t i n • it •* ■ ■ f t H I
|F • It a n 1 - • “4 a n Ml ■ -i ■a ■ Ft Ml ■ -a  r Fit ta t ■ •* - i t • i t ta i -■ -4 •■r 01«
I* •14 1T4 1 -■ 1* H> ■II ■ -i •ii ■ 1* II I ■ >■ -p 114 m • -a ik •IT Ml *0 ■ •at • tl
• l | • •4 •*a 1 -■ ia ■ M- TU * -i >ia Mf •44 • *a • *44 Oft ■ ** •ik H I H i *• *• •17 U l
-ft 14*4 la** 1 -• it Mt 14* t  -i IT 1*1 ■ «• ■ - ■ - I m •44 t  >• i t HI ■ M -* « 141 144
•a 414, 141 1 • •  *11 IM II* • -1 -IT t i t Ttl * •■ ll •a* tM a -* la •aa •41 -a -k *14 U l
• If! •  14 i -a - i i JM ■ IT a - i I t • •• ■H t  -■ >ii 1*4 IP* • >i If H f ••• f -41 ON
•4 If I 4lf i •■ ia IM Ml t  *1 -|4 114 • T* t  - t  i t Ml IP* ■ -a - t t ft* 111 -■ -7 IU IU
■ ■at *14 • -a - i t •4* Mt ■ -1 11 ■aa •M * -•  >ia 411 ■44 a -* i i l l H I •1 0 *44 • 44
• | | Ml III i -■ 14 M l IM * -1 -II •41 It* • -■ -i* 141 t t l • -a • H I l i t -• -• • IT 10*
■|| 114 • *4 i -a I t an •a* ■ *1 1 ••» ■ 11 • - •  • •■a M l j  -a U l ■ta -■ It 41* ■•a
IB III 444 i -a - i i 4*4 •aa t  -1 • 1 IF* 14* • •* t •  H M t t  -a ■ H I 1*4 -ft -10 •a* •at
• | l 111 l -a 11 Ml JTI 4 -f « *M •M •  -* -• •l« H I t  .# -• Ml It* -ft - I t t u IH
-|4 HI 441 1 -1 -14 ■ 4F **4 • -■ • IT* 1*1 • •* -• IM • II •  -a * • IT 4*0 -■ -|4 i n HI
t i l t |« 1 -1 IT t*a tar • -4 I 441 •FI •  •* 4 4*4 **• •  -a * rt* • f* •1 *14 141 IM
-■ 144 t t l 1 -1 - I f 441 411 ■ -I • 114 I4T f  -* -4 Ml Ml i  -a -■ IM • 11 -* 1 IM •*■
■ t*l •4? 1 -1 ia It* IM t  -1 a Til FF4 • *• a tlF 140 • -* a 4«l IT* •a h 0* IM
-4 *#P 4*4 1 -1 -14 • I t 144 • -I -4 ta t OH ■ -* -a 111 •■■ i  -a T ta r ■ M -4 1 at* 4ll
•a |T | If* 1 <1 *14 tar Ml 1 -I F 1*1 •M ■ -* • 111 Ml a -o -p ■ •• *11 - t  -a Mft MB
• 4 m •4* 1 - I •i IIT 141 I *1 *T i t t l i t ■ -4 - t ■■« Mt t  -a ■ HI • M -a a 1*4 >*4
• ll • M M l 1 —4 *• a n l i t 1 -t I *14 •41 ■ -* It 111 Mf • -a • HT IU -1 -4 ■11 4*T
It t i l IT* 1 — a •41 •41 ■ -1 -4 1*1 II* ■ - •  -11 ■ 14 tt* * -a •4 4*1 «•• •4 * IU *70
It 4ta 441 a >4 •a •FI 4ft 1 -I 4 *41 U l * -■ -II Ml •a* •  -a 11 •at ■aa -a *4 ta t ftfe*
-II 114 n a 1 -4 « •FI *11 • -• -* 441 III ■ -* -11 |FI t t t a -a -11 H* ■ M -o * ■ ■i Mi
• 1* ■ •4 IM 1 -4 -4 •aa *M t  - t II 4*4 Ft* ■ >1* 1 IM 14* > -a 11 *■4 410 -a *4 IU t u
|« 4*4 t i t 1 -* I •a* ■M ■ -■ -II t t l Ml •  - I t  -1 111 ■ I t •  -a I t UT 110 -ft 7 Ml II*
14 144 • i t 1 -4 -* **? 11* • -I 11 H I ■ -1* -1 H I •40 a >* -1* M* • u -a >r u« *01
-1* 111 t i t 1 *4 T air 1U « -F -II *!■ 144 ■ - I t  * taa t«* * *r , 0 •40 ■44 -o • 410 ft*
H 144 i n a •* -F 1 *tt |4l* t  - t II M | • I t t  -1* -4 taa •■1 1 >T a H I ItT -* -a 1*4 ■ 41
* | 111 •44 • -* a F*4 MT » -4 - ll V I M t  *14 T i i * Ml • *T • t 4«t H I -■ * ■ 44 l i t
-a ■41 ■ 41 * -a a*a •4* 1 - I  - 11 H I 4H f  - I t  -F at* 111 J -T ta t 117 —t  —4 Mt •IB
4 441 4T> 1 -4 i <4 a I lf •  - t 1* • M l i t •  - ta  - i 1*4 IFJ a -F IM 1TP • -o -to • ar •04
a 144 1 —4 • * •41 Ml * *t - Ii ■•4 144 t  >ia - i t 11 4 M 1 >T -4 ■M t i l -4 11 Mt IU
4 Ilf ■ 44 1 -4 n *•■ •IT a - t  • II U* *4* i a * 1H i*a ■ >1 -0 •  I* IM -■ -<* to t TIB
• ll 144 14* 1 -4 -II a* a Ttt •  - f  >1* H I III a t  t 111 144 1 -T 7 l i t t t l -ft -I* air •00
111 H I 1 -4 i i Ml • ■* • *i II IM l i t a a -t i n ■a* a -r -a •■a ■ta -a - i t •ar ■IB
- i t t«* III 1 *4 -11 ■fi ■14 a - t  -  it III Ml > a * 41* M a - r it t u •■■ -* -IT • 74 1TB
• i t t i l H I i -4 i t IM IM t  «t ■ 4 114 III a t - i i It* • U a -p ■i i Tl it* -ft - | t 114 14*
•14 III t i l 1 *4 - | | Ml IM t  -• 1 III 144 » •  -It art 144 i -a - i HP i n •4 -I* H I Ik*
a l i l t naa 1 -4-11 141 ■ 11 t  *i I 141 art •  * -1* n r •IF t  - t • t u tt* -r  o 14* IT*
•i t i l m 1 •4-14 aia t i l t  -a t 114 ■ •a a - i  ■ 14t »•» i  -■ - t ■ta tia -T * III Ik*
t 444 *44 1 -14 • ta Ml t  -■ 4 i l l 4FI 1 - 1 4 l i t •  t* a -■ -a Ml ■■* -F •■ IU *14
a 1*1 cia 1 *4 IT a n a n • -a •4 *11 Ml j  -i ■ 444 • Tt 1 -4 10 IIP i«i -7 *1 M liJ
• 4 444 *44 1 -4 -IF HI ■14 t  -a • tl* •*f 1 - 1 4 Ml ta i ■ -• 0 • ■1 • *F -F 4 111 441
•4 Iff ••T 1 *4 It IM •41 t  -a I IM J4F i  - t  a 414 •*4 t  -■ •1 IH III -F -4 «4t *U
a I t IIT 1 *1 1* M* •44 ■ -a F 444 4IT 1 -1 T M» 114 1 *■ * H I • 14 -f * IU ■ M
* l i t 1F| 1 <4 ■It t i t ■It ■ -a -F • IT ■47 1 -1 -T •at *■• a -« -0 •4ft ■ M -f -* aaa I II
« 4IT Mt 1 *4 «* IM ■ IT t  - t ■ U l • M l  -1 -a. 111 14* a •■ - i t 111 H i -7 * 1*10 IM
•u Ml M4 1 -4 - t l III ■ •• ■ -a • 4»t ■r* i  - i  -* HI Tit t  -■ -ia t u an •P -a i n 047
• it Ml •II 1 -1 1 4H H I ■ -a -a III 1 u i  - i  -I* HI •40 1-10 MO 1*4 -P T • i t Ml
• i) Ml 4t4 1 ‘1 t i l 111* ■ -a 14 1 *4 i l l i  -i >ii •  31 • f t i -i* -i a*t tt* -P a 701 Til
(• 1*1 HI 1 -1 *11 ■** ■ -a 11 IM ■*• * -1 «i« h i *14 i  - i t a IM 1*4 -F -0 ■ II *44
a m t*a 1 -* -1 Ml J4I t  -a - i i III •I* a -1 ll HI •41 ■ -10 t 4U 0*4 -p 10 on •ta
a 444 441 1 *■ * n ia 1111 ■ *1 -ia l i t 141 • - i -i* 111 t t l a -io -r 1*1 1*4 -T -1* III Ml
i *11 **l 1 -1 -a Ml 111 a - t It I tt 1*4 1 -1 14 Ml • 71 I - i t -o U l 111 -7 t t M* 4*1
•4 111 ■ 14 1 •■ a all III t  *l - l l 11* 144 J -1 -14 4M Ml i • •II ta t -7 -■■ ■■• 11*
•4 144 1 •■ •4 Ml IH ■ -* -l« Ml It* ■ -1 it III IM ■ a it 1 Mt l i t -F -14 • IT •40
7 l i t 1TI 1 •■ a IM* IMF t  - l IF 410 • Tf 1 -1 -II 44 • • ■• • 0 li H I an -P - I t ■ 14 4*4
4 III Ml » '* • t •1* • I t • *• -i* IM It* t  -1 14 *« It* « ■ -1* U l 47* •f - I t MO Mf
11 4F4 Ml 1 -1 7 ■ M 411 ■ -a ft t t l H I 1 -• *4 1 if • •? * a -14 7»T 7*4 -■ 1 *■4 *at
-I t H I IT4 1 -I -T 1*4 44* -• 111 1*1 a -■ t ••■ 117 * * It tt* 144 -0 -1 t u BT4
14 4M Ill 1 -I a n ■11 1 -4 J IM • 41 * •■ >• !■• ■a* * a -I* JI4 4M •■ • ■ 1 11*
•14 IT* 4*4 I H •a n ia 444 • —4 -1 1*4 at? a -a a ■ FI ■ M 4 0 ia HI 1*4 «t *t 17* 114
-IT *41 1*4 1 H * »T* Ml t  -4 4 Ul H I * *» T 411 IM 4 0 •10 t i t 0*4 - t  1 art IIT
• Ttl 144 i -a -4 •f* ■ Ft • -4 -4 ait IT* t  *i » •a* ■at 4 4 •at • n ■M •0 -1 4«1 •4*
- | 14* ■4* i - t ia 41* *11 I -4 -4 m M* a - i  >a 44* ■a* * 4 - u *•4 ■*• -a • •  i* ■a*
f 111 T4V i -• • ia •4* M l 1 -4 I ■a* •40 * >• ■ 1*1 14* * >1 a 4F7 U* -ft F • CT tar
4 att • 14 i -a - ii l i t 44F • —4 -ft *44 •T* i  -■ - i 444 4»t 4 -1 * *1* M* -0 *P ■ t t 4ftt
4 •44 •f t l -4 i t a*« 11* • -4 T 144 14* 1 -■ 14 ■■■ IM * -1 * • •■ 1*1 - •  0 i l l ■ U
•4 •41 l i t 1 •■ i t IIT l i t t  *• -T ••a MO • -■ -1* 1 IM n«a 4 -1 >* Mt Mt -■ -a Ml 144
a ■ 44 II* 1 -• - i t t i l IM t  -4 -• 1*4 141 • -■ - i i 4*1 41* * >1 • HO* !•!■ •0 II ■ 1ft 114
-14 411 441 1 -* - i i ■ 14 If* ■ -4 • 1*4 1*4 a -■ - i i 441 •  f* * -1 • i t ■ M H I >• - i t H i HI
1* • tr 4*4 1 -» i i H i •IT t  - • U • *■ HI ■ - i  - i i 44* • •* * -1 n at* to t •4 -11 Mk MT
•14 •T4 IF* 1 *1 •i* IF* MI * -4 -11 ■II 1*4 a -•  i* 440 0*4 4 -1 • ii U l *4« >0 *14 ■ •1 •at
-Ift •44 t*a i -a IF l i t tw t  -4 II J14 a it a >t - i i H I • It ■ -1 n ■4* •4* -0 0 ■ta f i t
1 ■ 44 • i t i -a *•* 144 » -* -11 Ml Ml a -• u IF* Ml * -1 • i i •at 40* -* * 111 Ml
1 H* 4*4 i -a 14 Ml »»• t  -4 -11 tr* I1F * - i  - i i ■4* IH ■ -1 i i Ml *41 - •  -• 411 u*
1 IM 14* i «• • tl a ia •  It * - •  -ia IM III » -■ i« IT! •«r 4 -1 •i* apt ■ It *4 4 M« ■ Ik
P IM M* i -a in tl* •  -4 -14 II* ■4t • - t -t* ■ 1* •»• * -1 • 14 •*t ■ 1* -a - i *11 •Ok
-ft •44 44* i  -a -1 Til ■44 t  -4-11 ti l a*T i  -■ - t f •ta 14* * -1 17 art Mt •4 4 *• P • U
ll • •• M* 1 *• • t ••a HI t  -4 -1* ■41 l i t a - i  • 71* 711 4 -1 >17 u l ■H >« -a H I 074
ll l i t • I f i - t 114 411 ■ -a a It* ■ ia • - •  -i MO 1*0 * -1 10 t«T U l -* • taa JOB
11 H I •44 1 *• -* 411 *44 t  •■ ■ III i n i - i - < Mt 117 * -I -10 41* BOO -4 >« Ml *44
1 Tit Ml i -o a III* ■ *■• •  -■ • i 1*4 ■44 a - i  • HI ia* 4 -1 -•1 ■It Ml •4 11 110 *4*
1 an Mt i —a a 4*1 4IT t  —• a III art I  - t  -4 Mt 1*4 4 -* 1 111 474 -4 -I* ■ Ik FI*
1 141 *11 a -a F H I • IT ■ -a -a ■14 «?• t  -a « 1*41 I t l l * - f -1 ■aa Mk -4 -jf B*0 f i t
•1 Ml Ml I -a -F Ml ■ -a *4 HO Ml t  - i  - t TM f l l * >t t t u TM -0 -1* f i t taa
4 •a* •44 1 -4 a H i *11 t  -■ • ■■a 111 • - a ,  a a«t TIT a - t t *r* 41* •IB 1 ■Oft tai
4 •41 IM 1 -a - • ■44 ■at t  -a •a }U 41* t  - a ’ a *4* ITT 4 —t -1 to t tea - I t  - | IH •a*
» 444 IM 1 - • tl *M IFF t  -• -a • Tl 440 • -a  -o •r« H i ■ -■ * IMI IH •10 t If* 10*
4 Ml IIT 1 -4 n It* ■It ■ -a a MF 110 1 - t  T 4*0 Ttt a -• —* ■ M 14* - I t  -1 IBP Mt
a H I 1*4 i -■ n t*a ■M • -• • ■■• ■ J4 1 -1 -T 1111 tat* * - t a U l •M -10 - | •10 Ml
• it a it M4 i - i - i t M* ■44 t  •« -a III 114 a *1  4 111 a*p 4 -1 ■ 41 001 -10 4 114 Ml
i t • i t It* • - i ia an MT •  H * 4«F 4*0 •  -T *1 U4 •i* * -* -? U l 0*4 •10 -4 H I • It
•i ■44 4*4 • -a - n • it IM • -a -4 ■• 141 a -a  • Mk at* 4 -B • ■U Ttt •1* ■ lift n r
*4 t t l tl* 1 -a it t*i f PI t  - i ia IM H I j  -a i t •TO a*a 4 •• -4 **4 004 - I t  •■ •■• Mi
4 iia a n • - i -ia 1*4 ■•a ■ *• M ft* at? t  - i  -ia ■14 •a* ■ -* -* ■ ■• *14 •10 -T ■Tl m
-ft l i t i n ■ -■ IT ■ 11 ■aa • -* II •44 411 • -> >n • 44 ■Tl * - t 10 U l TM -I t  -« BU 144
• 1 ■ H ■*4 t  -4 -IF t t l Ml ■ *4 • II t t l •  41 i  - t  - i t TIT at* * -■ • 14 UT Ok* * 1 1*0 m
4 44? Iff 1 * • l l 1*4 174 t  -4 -II a it •41 t  - i  •■ ■tl m 4 -1 11 • t l 0*0 * *1 IH IT?
-11 t i l TH 1 -T ■ IM Ml * *4 -I* ■at ta t a *i 14 at* a *4 * •■ ■It Mt ■ M • I 4 IT •#»
4 FI 111 1 -f t *11 14* • -4 -I I ■ 14 i l l a - a - i* •** t t i 4 -■ - it f i t IT* t  -7 IF* IU
•4 Ml III 1 -F •a •a* f i t • -a -11 14* tia a *i i* *14 *4* ■ •■ 14 ta r IN ■ * III 100
4 !•• It* 1 -T i l i t It* t  >* ■41 *14 •  -1 IF ■■1 *7* * - t >lk taa a«i ■ -0 Uk Mft
r If* ■ 1* 1 *T « it* 14* a *• • 1 *«a *f» 1 -1 - I t *17 4*1 * - t - i t M* t o ■ II 111 111
a f i t •41 1 -T n it* ■at t  -a • t ■ii •41 1 *1 -11 IH a*a ■ •■ i t ■at t u B -11 Ul 4*1
•4 H I •  II 1 -T - i i M* i n t  -* t a n *•1 • -4 -1 IT* aa* • *1 • 14 Ml *i* •  - I t 1 4 I H i
4 art •a* 1 -T - i t II* IT* l - i -4 tar l i t 1 -4 - t • ■• • Ft ■ - f -10 a r t Ml •  -IF ■f Mf
• 14 m t aa* 1 -T n 14* ItT • -I • IM III a -•  • t i t • Tt 4 -1 Mt 1*4 140 o -at ■ •• • 40
• 11 • M *41 a -a »• l i t ■ 1 T •  -a -• • l l at* • -4 I •to * -0 >U FT* **f - i  -■ •11 n o
• ia III H I i -• a n r ■ ■1 ■ -• •a ■■a • tl 1 -4 -• ■I* IT* 4 *1 t 111 IM -■ 4 111 ■it
i t It* It* i -a t ■at H I I *4 F Ml it* ■ -4 4 H I Ml 4 - I -a OIF - t  a H I Mf
•ia H I t t l i  •* t ■a* tM 1 -1 -F *?a 44* • -* -a n r tt* i  -a a *41 • 1 *4 140 1*0
14 •4 1*4 1 -4 » 1*1 Mt 1 *4 ■ HI MI 1 -4 f OM 4*0 4 -1 -a 4 1*1 •1 -4 MB «1«
14 1*1 ITT 1 •* a HI tl* t  -a • *11 •41 1 -* ■ ta i tf* 4 -* 4 II I Mft •I  -1* H I 40*
If IM IF* 1 -4 -■ ta* t t t •  -a - t ■tf a** 1 -4 * HI ■*• 4 -■ -a •to 11* •1 II Ml 1*0
14 4*4 1 -4 -ia t i t t*l t  -a I t Ml ta t 1 -■ -I t T*F Ttl * -1 a UT t i t •1 -II • t l t u
-I* »»■ ■ I* 1 -1* i ■it ■at * -a 11 tM •ta * -4 II U l *T* 4 -1 Ml *•• •1 It MO • f t
1 Mt n a 1 -1* j tM t t i ■ -a -<1 ■ ■1 IK •  -4 -11 1*74 1 • M * —1 a ■ II -■ - I t •U •OB
a *4* it* 1 -1* - t i n m • - t kl tM 114 • -4 -■■ 111 a** * —J -4 •!■ ■ 11 •1 !■ lift •10
t  • 141 ttt 1 -1* a • it Ml a -a -I* 4«a 41* • —* I* • I t ■ TO 4 -■ 7 HI 4M -■ -14 IN 1*7
a t ■ IT ■it 1 -aa -a •■a 414 t  -a !■ m It* 1 -4 - I f M* ■ •1 4 -1 • 1U Ml -1 -11 111 •11
a —f a n •*• 1 -i* •a 1*« 1*4 • —4 -II t*f HI I  -■ 14 ■ 11 •M 4 -• -4 •4 ft Ml -1 10 •4* ■M
t  ■ l l l l n t t t • » F 144 ■M l  -a -IF MO H I • -4 II ■a* •40 4 —• -I t 111 140 - i  -r* to* t u
■ -4 r»4 Til i -io -F • IT • 1* * -a -1* Ift t i l 1 *4 Ik 41* IM 4 -T 11 ■at • u •■ - ti 10k Mb
a  a art 411 i - i i •a an ffT •  *T I •M TIT 1 -* -I* t r t tra • -1 -IB i*i IU -a a ■41 •tb
t  -4 444 Ml t  a a t i n i a*a 1 -T • Ift •OF 1 -4 -M t t t • IT 4 -1 - i t •4* M l - t  * lt« 141
•a ia 441 • IT ■ • i t |4 tr 1*M t  -a -1 It* l i t • *4 “ll n r i u 4 —B*14 4*1 4TI -a —4 111 114
t  - n 444 •a t t  a ia ■ 114 I t t l t  -F a 414 *1* I *4 - t l 0* i *■ 4 - t -ia •44 •00 -a t •  11 Uft
■ - i t H i Ml t  i • i i m i ■taa t  -T -■ *40 *41 • -•  1 a rt Fit •  - a * tt It* H I - t  -o *11 •>r
t  - i i II* 1*4 * ■ i t MT 4*t a -f - i ■44 t t t •  - •  1 ■IF tat 4 -4 a Ik* IU -1 -T ■ M M t
4 U 441 «H t  a -i* ta il l i l t a -t a • l l •  ■I a  - *  - • Ml ■*■ • -4 « H I * po - t  ■ •■* H i
■ -14 m 44 T a • i* na t* t t  -F -a «»* 4*4 • -■ ■ not 11*4 O -4 •a 474 i n •■ -ft U l « •
t  14 TFT 4*4 t  a - i t ■ Tl ■1* t  -F • ■It 441 1 -4 - t 44* •4t a —a •t 44ft ■ 17 -a o MO •tr
t  *14 *44 44* t  a i i U l t* t t  -F 4*4 4H » - t  1 *17 411 4 —• •• • tl IH -■ - • M l •Ft
t  II HI IM t ■ -i* ■41 MF ■ -F it •?• IM •  - t  - a Tl* 7)0 t 14* 1 FI - f  it an ■ii
^irj-rii-tA rtm vzV iiV z^n-riU v^ uvA ^ V A -izi.v^vri^
J T - " * T * 7 " T * T 2 2 2 I 2 2 2 S - 2 2 S * - T - T " 7 " T - t " 7 " T * T 2 S 2  = 2 2 2 2 2 : 2 r f ? - - T * T ' 7 " T " T " T ” T * T 2 2 2 2 * 2 2 2 2 : 2 2 1 s S * 7 - r " T * T * T " T * T ? * T 2 2 : 2 2 2 2 2 2 : i ? - " * T " T " T T * 7 * 2 = ; 2 2 t $ * T 7 7 T T T 2 T T T T  
" T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T f T T T T T T T T T T T T T 7 T T 7 T T 7 T T T T 2 2
- ■ T ' T - t v s ^ t : : * — r - T T ' T j i T J ' T - r - T M - T T T i s s i i t t f — T - - T T ‘ T T T T T : : : 5 : = s j : : : * T * t * T * T * T * T * : s s i i i ' 7 T - ; * T * T - T T = = s s " T * T T T : s i s - T T T - T i = ; t : » * T T T * T f ‘ T * T : s : s i s : : —
" 7 7 7 7 7 T T T T 7 T T ? T T 7 T T T T T 7 T T T T T T T T t T T T T T T T T ? T 7 7 7 7 7 T T T T T T T T T T T T T T T T T T T T T T T T T T ? 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  7 7 7 I 7 T T T T T T T T T 7 T T T T T T T T T T 2 2 2 2 ..................... : T T 7 T 7 7 7 T 7 T 7 7 T T 7 T T T 7 T T T
~i/:vrrr;ii~i:ir~rxU iViiim zV:Vr~iiu^
JT;TTTTTT'“T*r" " * ^ “ **'*: T = T” IT!7HTT"*"T” *” : ' T;:T::TTTT"*T*"*"TTT*TTT "TTTTT*T’**"1ITTfTT*‘, ‘TT' ” :ST1T"TTTT:Tr' T*f n *T*t" =5TSif: TTT!rT*T* 
" 7 T T T 7 T T T T T T 7 7 ? T 7 T T T T T T T T T T T ? T T T T T T T T 7 T T T T T T T T T T T 7 r T 7 T T T T T T T T T T T 7 T T T 7 T T T 7 T T T T T 2 2 2 2 2 2 2 .......................................... T T T T T T 7 T T T T 7 T 7 T 7 7 7 7 T T T T T T T T T 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
• ' : s i : - 7 " : T * T * - T * t i i ; s " T " T T * T 7 ‘ T i : — 7 T * * T " T : s s i T * T * T T ,‘ T T * T s = : T s s ; j : i s s s * 7 T * r * T ' ‘ * T * T i s : : = : i ! t i ! t s * — • f T " * t * T * T s s : : : : 5 ; i i : s s : T * : - 7 " T " * * T * f f T * f s : s : : : :
• t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t i t s  • • " t t t t t t t t t t t 7 T 7 T 7 7 t t 7 t t t t t t T 7 : t t : t t t t t t t t t : t t : : : t t 7 7 : t t t 7 T t t t t t t t : t t t : t t t t t t 7 T T t t t t t t t t t t t t t t t i t t t t t t t t t t
-'•si-7"TT:"-"";:s::ii;tkt"*TT"",!::iss;;:i;s;—*T*T*"*T;::i:ii:iiiii::-T*T*t-7T*::i7i*7T7*TTf, '::i--7";*T*:"7T"Ts;s —■:*T"TT"7T*7::s:issi"*T",77"T,T':: 
"7777*7272.................*"*T77TT77TTTT7T7TT7TTTTT77TTTTT?7TTT7TTT7TTT7T777777T?7?TT?7TTTTTT7T7T777TTTTT•*t;T7*TTT:TT?TT7T?TTTTTTTfT7TTTTTTTTT7T77TTTT7TTT
-‘ 2 : : = i ; ; i l 2 : ; 7 t - 7 " * T - 7 " 7 * 7 I 7 : : 2 : 2 : 2 : 2 2 2 2 t 2 2 : : " * T * T * 7 " T ' T 2 : : : 7 : : T : s 2 ; : ; 2 " * 7 " T " 7 " r * T * 7 7 " T " T I 2 : 7 ! 2 : 2 S 2 2 2 : 2 t * - 7 * 7 " T T * ,' 7 ' T 7 : 2 : i : 2 * 7 7 * T T " f  * 7 2 2 7 2  J t * T 7 * " T * T T  
■ 7 7 7 7 7 7 7 7 7 7 7 T T T 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 T 7 7 7 7 T 7 7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7 T T 7 7 7 T 7 7 7 f ? T 7 T T 7 T T T 7 T T T 7 7 T 7 T T 7 T T T 7 t T f T T T T T T T T T T T T T T T 7 7 7 7 7 7 7 i 7 7 T 7 7 t T T T T 7 T T 7 T T
£H!jisE3s!3M!:«!H*K!S!i»!EiHH!!i»!!£!»»Si3»!!Si:£:H»i3Ein£>Hs»S£i5(a£SSU!is*SsSs£HH!»H!Ki3;3sEiiiSB>£Siiiiu:!S*E!ii!!!Z!J»»!s
' = V “ * " " " 7 : T T T T 7 " ' " " " " T* 7 T 7 7 7 7 r * " ' " " " " 7 T 7 7 7 7 7 7 7 T * r ~ " " ” T 7 7 m T T r ' * " T" m 7 7 T " ^ ^ ^
* T 7 T T T T T T T 7 T T T T T T T T T T T T T T T T T 7 T T T T 7 T T T T T T T 1 1 T T T T T T T T 7 T 1 T 1 T T 7 1 1 T T T T T T T T T 1 T T T T I T T T T f I f f T T f T T T T T f t f 1 7 7 7 ..................................................T 7 T 7 T 7 7 7 7 7 7 T 7 7 T T 7 7 7 T T T T T T T T T f f T  T T T T T
- j : : : 7 r r T T S * T * t * T * f S i i i : i s : : * - 7 * : * T * T ' T * : s : 3 J ! ! £ : : 5 S - 7 - r - f " T T * - * t t i S S : i S S » B t - T T 7 : i l i S 7 I £ i T T t * T * T S £ * ; 7  7 T T 7 f ! : = : - T - f T T ; : £ i : - 7 : f 7 t : t t - * 7 : : = £ S - 7 T 7 f 7 f i : : : ! i  
 .......................... ................... ' • ' ~ T T > T 7 T T T T T T 7 T ? T 7 7 7 T T 7 7 T T 7 7 T T 7 T T T T 7 T 7 7 7 7 T 7 7 T ? T 7 T 7 7 T 7 7 T T f I f f T T f f f f T T T T T I f f T T T f f 1 7 7 7 7 7 7 7 7 7 7 7 1 TTTTTTTT.......................7 7 7 7 7 7 7 7 7 7 7 7 7
I : : " : " : : : : : : : : : : : : : : : : : : : : : : : : : : : : : " : : " : " : " :
:^MtT::r-7T?5i--v*7TT=:;i;£Il:--7*-7VVTTi:5Si£;:M5*-7V-7*t*TV>7TT:;:silfI££?V"'T"**T,t-*T77777H777?r""""""T»T777777777fr-'""*“r
■ T T T T T T T T T ................ T 7 T 7 T T 7 T T 7 T 7 T T 7 7 T T T 7 T 7 T T T T T T 7 T T 7 7 T T T T 7 T T T T T T T 7 T T T T 7 T 7 7 7 7 T T T 7 T 7 7 f T 7 T 7 T T T T T T l T " T f 7 T T T T T T T T T T T T 1 1 1 7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7 T 1 T T T
', tT77T77TfTT*77t f T *” , : 7 " 7 7 7 ! ? ? * ' T*T" * T' , *T :7"777T5??* 'T*TT" T*J*TT:7 " 7 7 7 ; 7 7 ! * TTT*TTT777T7TT#” 7T77T*TTTTTT7 T 7 7 ! 'TT:Tt* , * r T7T77T"T‘: , *TT7 7 7 7 ' ' " TTTT7 
■ T T T T I 7 T T T T T T T T T T T * * " * ........... .......... T 7 7 7 7 7 7 7 7 7 7 7 T 7 7 7 7 7 T 7 7 T 7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T : T T T T : T T T T T T T T f f T T T t T T T T t f f T f t f  T T T f 7 7 7 7 7 7 7 7 7 7 7 7 t f  T T T T T T
- 7 T T S S T T 7 - T ‘ 7 ' T ! s : - ' T T * T * 7 T S : : i s : : = l ’ - 7 * T " : * * T - 7 f t i : = i : : : * - T T - T ' T * T * t 7 * T * t I j : : i ! S £ : : £ 5 : - 7 * - T ' T * f T ' 7 * T ' T S S S i T I J S » - 7 - T - T * T * T * T ‘ 7 * ! * t : = s : : ! ! l — 7 - T * f -
“ T t T T T f i : ................ • " • 7 7 7 7 7 7 7 7 7 7 7 7 7 7 T 7 7 7 T T T T T T T T T T T T T T T T T T T T T T « T T T T T T T T T T T T T T T T T ? T T T T T T T T T T i T t T T f t I l T T T T T T T T T T T t I T T t T T T T T T T T T T T T T * T T T T T T T T T T T T T f T T T T T T T T T T
J T T T :* : i :T iS * V ‘ ” , V : " f 5 : s : : : ? i H T T ' " " " " " ! 7; 7717 7 7 7 f ? r ' T" * " n , *Tf777777**n T T 7 " ‘ T" TTTT7777‘ ' T’' TT?" ’ T7: 7 7 7 7 T " TT," TT7 7 7 7 7 " " 1f*TT" T7 7 7 7 " T 
• « » * 7 ' ; 7 7 T 7 7 7 ' ; t 7 7 7 7 7 7 7 7 7 7 7 7 7 T T T  7 7 7 7  7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1  TTT T t t T T T T T T  T T T T TT  7 7 7 1 1 1  * T t  T T T T TT  * 1 * 7 7 7 7 7  7 7 7 7 7  7 7  7 7 7 7 T T T T T T T T T f f t t T T T t
33
■ b FC #4 n « b tc f t H « b Ft Fl*1 t 444 It 4 -M 414 • t l VI •1 H Mt IIT•1 *4 144 IM II -1 1 BM I t t 11 •a h1 t i t I t t
•1 -f 444 4*4 • t •1 •! Ml Ml • 1 -a - l •M 4*1-1 141 It* IB •1 -1 ■ M I4> B» >a - i • f t •4*-I  -a 44* •M |B “1 S •M *44 • I -a -i IH 141
■1 *11 1*1 4*1 14 •1 >4 •1* IN 11 *! -I Mt IM•J *11 144 ■44 It •1 4 1*4 144 II •■ -1 tM Mt•a *!• 414 M4 1* -1 -4 M* •14 11 “1 “1 111 MT
•1 -M 141 IIT 1* “I *4 Ml Mt • 1 ■a - l 1ST M**4 *4 444 If f IB *1 —4 MB Stt II *• >i 114 Ml*4 -I 4*4 IM -1 -H 4*4 tt* •1 -4 • IN U t
*4 -4 IM ITI |4 •1 >11 IB* •41 11 *t • ■II Ml•4 >11 IIT M* IB •1 -IB art t t l •  1 H *4 141 •■I*4 *11 144 ITT |B -I - I f Ml tw ll -4 -1 !•• Iff
*4 ■ 44 IM If “ 1 -14 ■M Mt 11 “* “4 IM • f t
*4 *4 IM IIT 14 3-i IM IM • 1 - f  •* ITS Ml-* *4 41* l i t II •44 444 11 -4 H H I • II*4 -IT 144 IM 1* >1 • IT* 144 11 •4 >11 U l Ml“4 | 444 IM II -1 -4 1*4 M4 tf 4 -1 Mt Iff
•4 <1 14* l i t ai “1 1 l«t 14* If 4 *4 MT MT*4 *4 444 444 i* •1 * 4*4 Ml If 4 H I t t •*•
** “4 144 t t l IB - t  M *«• UT IB 4 -14 Mf TTt-* - t ITI *M 14 -1 •* •** IM •• « *11 t t l M*-4 -r sa t Ml 1* *• -F 4*1 » • 11 • “1* tT4 IM-4 «* 444 tM II -1 -* Ul B4T ■ 1 4 -14 444 Mt
*4 >11 14F 1*4 I* -4 “B ai* I lf ■ I •  “ 14 IH IIT*4 >lt l i t Ml 14 - I  -14 BIT 414 I t •  1 -1 41 I t t
•4 *14 ia r 1*4 |* -■ - I t tr* II I aa *4 “1 M» H I•4 *i r 114 MT IB “1 -1* tta It* ■i *1 -1 Mt It*
*1 4 144 IM IB “4 -1* IU ta -1 -1 tta Mt- r  <■ 11* 4*1 1* - I  - I t 4*4 t i t u >1 H 1*T If*-t —4 n r t i l 14 •1 >1* 11* HT u “1 -II Mf I I I
•V *4 4*1 tt* 14 -4 - t l 111 144 u -1 -14 144 Mf
444 *44 |B *1 -1 IM If* u >1 *11 1 ft P I
•» “14 U4 IH I* “1 1 It* •44 •a -1 *14 U l •M
-r -14 1*4 *44 II -1 -14 111 IT* •i -1 -If  Mt IM
-F -14 144 IN 14 -* 4 IM n * •• •1 - I f  l*f I t t
•4 «14 IM Ml IB -a - t 1*4 1*4 • i • t  -4 l i t a l t
*4 *4 Ml M If -4 -11 Ml IIT • i >1 -41 *41 IB*•4 »T •44 *41 II “4 “ 1* tt* IH ■i • t  H1 BBT t t t
•4 *4 *44 *41 If -* -* 111 Ml •a - •  -ia  h i aai
*4 -14 44 1*4 1* '4  -1 It* 1«t • i -1 M M l • i**4 <tt *14 at* If -* -a M t BM at • 1 • l i t IM
4 -4 It? i t t ia “4 -11 U l Mt u -I - If  t t | • t f
4 -T i t  a ITS ta -4 -If IM IN ■a -4 - i t  l*a IM
4 *11 t*> *4* 1* •1 -4 1*4 111 •> f  *ta ia* Iff4 -11 44* 4*4 14 •1 «1* *Tf *41 11 - i  - 1 t t •41
4 -14 141 It* I t “f  -11 *11 M* if -a - 1 II* U l4-14 IFF Ml 14 4 -1 It* I t t ■i - l  -1f *41 111
-1 -1 144 I t •  *11 I l f 1*4 •a -■ - • •  a u • f t
*1 -4 IF* i n 1* -1 “1 • It US ■i -a - i t  m i ■ M
-1 -4 l i t Ml I t •1 -1* M* If* ■ 4 - i at* • f t
-• —4 141 MB It -1 “ IT If f I t t ia - • - i i  a u l*f
-1 “II *44 ITS It •« *1 M* MF «i -4 -1 1  Ml 44*
-1 -IS IT* 11* I* -1 -« Mf If f •4 • “I t  141 • FT
“1 -1* H I 114 It -* -* *ir IN 14 * -11 Mf IM
“1 “14 t t l I* -1 **T IM 1*4 i t t  -14 I l f i n•1 -14 IM ■ 11 I t -1 *4 l*a I**
*1 *44 IM IIT 1* “1 - | | *4* If*•4 1 141 141 at -* “11 141 IH*4 -• ■fl t*« i* •1 -1* 1*4 IT*
“4 -1 IF* NT a* -1 -I* art ■ 44
•1 -4 IM *11 i t •1 -1 M t MF
-4 -4 *41 IT* i* • 1 «« 4*1 IU
“4 -4 141 ft* 14 “1 -4 *•1 * tt*1 »» a«a 1*4 14 •1 -4 MT IM-4 -a *44 11* 1* “1 “T MS *11
-4 -4 tl* 41* 14 -1 —4 111 ITS
-1 -14 1*1 ■4* 1* -1 - t l i t 144
“1 “ 11 *M • 1* 1* -1 - | | BM IBB
-1 -11 ■ 1* 141 It -1 -11 IU II*•4 -14 *11 t*l IB •a - is 4*1 It*
•1 “ 14 • IT Ul I f «• - i t IT* IFF
'■ —14 11* ■M IB -4 “14 I ts 111
“■ -41 1*1 114 1* -B -IT sat M
“t  I 1*1 III 1* -* -1* 14F If f
•I  *1 4*1 St* 1* ** *1 ia i M
•1 -4 IIT IT* I t *4 -1 I I I IH-1 -4 »** ■IB IB •1 ■* it* Mt-1 -4 *4F *TB 14 -* 4 IH • f l-1 -4 U l Mt IB “4 -* 114 *4*
-1 -T M | HI |B -* *f • 4* •Fl
“1 “4 m 1*4 IB “* -4 art MB
•1 -14 it* ■a* I t -* - I t Ml •44-» - l l l«* ■ M 1* -* -I* •*« •SI
-» -14 a t i IF* IB -* -11 B4F 114
-1 114 IF* IB -* -1* Mt IU
-1 -14 I n 1ST 1* *4 “|» 111 4*4-1 -U tl* ■ IS I* -* “1* 11* •H
-1 -IF M* M* I* “4 - t •M Iff-1 -14 ■ 4* ■SB IB -B -* M* 141
-1 -|1 111 t*F I t -■ -* I t! •44
-4 -11 1*4 ITT 1* “4 -F MB MF
-« 4 1*4 i n |* -* -a IB* 144
- •  1 IM ■it 1* -4 -1* BJ i n
•4 “ 1 Ml i n 1* *4 “14 IBS • l l
*4 *4 I t t t t t IB -4 -1* IF* MB
-4 -4 *1* it* 1* -4 -IF It* IFF-a —a *44 MS 1* -* -4 MF 4*4
“* “4 Ml *44 1* -* >4 M* ••I
-* -» IT* a** 1* —* - I t I tl 1*4
-4 -■ Ml ITI It “1 -I f It* 111
•4 -4 *4* MT |B *4 *14 II I •a t
-4 -14 MT Ml IB 4 4 414 Ml
•4 -11 M* »r* ■4 * 4 111 IH
“« -14 1FI H I * -1 *14 444
-4 -11 1*1 *11 B -* 1*1 114
*4 *!• •41 HI a* * -4 BB| MB
*4 -14 t t l IIS ■ 4 4 -4 IM
-4 -14 IM Ml * -1* •ta
“* -IF 1*1 t«4 M 4 >11 Ml t n
•4 -14 IH 14T 14 IU i f t
“4 -14 tl* tM t* 4 «M Mt •M
'4  • «*■ *1* 44 -I 1 Ml 1F4
-* -I MT HI M -1 -1 ta t *M
-•  -4 1*1 *44 14 -1 I ITT IH
*4 *1 1*1 >4* 14 “ 1 •> Mt «4t
“4 —4 ■ II t* t M -I - t 141 ■14
-4 *F Mf 414 M >1 -* I t t Mt
-4 -4 IM IM t* -1 -I* 111 IH
-4 -14 ISP 1*1 *• -•  -11 tf* 4H
*4 -14 • 4* *41 M - i  -aa 144 *11
*4 “14 1*1 IM 44 *1 -IT t i l Ml
•4 -14 Ml *11 14 -1 -11 *4* 144
*« *14 IM 111 14 -1 4 444 H i
“4 -14 ■ t l t*1 M •1 1 l i t If I
14* Ml M >4 I •41 Mt
-4 -4 t t l taa t t •1 - t •f l 4T4
-4 -4 III i n M “1 -4 U l III
“4 *4 1*4 t«f M “1 “* t t t M t
-4 -4 11* t i s M -1 >* i n MB
-4 - | | 14* *4* 44 -1 “ II • is Ul
*4 *1* ■41 MT 4* -1 -11 44* 1IF
“4 *14 IM t i t 44 “I  -ia It* M4
-4 *14 4*1 f*4 M -1 “** a**
*F *» *T IM 44 >i -•• M t 111
• 4 Ml ITS 14 - t  -14 MB IF*
4 4 Mt 444 44 “• -a* ■ 1# 14*
4 -4 111 **« M -4 -M 4M
4 4 *T1 *•■ 11 >1 -T Ml
4 -4 M* I f  T II - t  -* 441 IM
4 4 1*4 ll* II *1 •* M« M l
•  *4 14* tM II - t  *• It* I t t
4 -4 4*4 41T 11 - t  “ 14 ft* IM
4 -14 4*4 t t t 11 • t  *14 IM M*
4 - |4 t t f IM ■ 1 - t  “I t IM 144
4 -II t t l 114 11 -1 -1* M t IN
4 -14 *1T IS* 11 - •  -• • I t • t t
4 - la  














Bond L en g th s  and A ngles Found F o r 
CFd(FUMN)(PPh3 ) 2 ]
TABLE IV.
Bond Lengths (Angstrom s) and Bond A ngles (D egrees) f o r  
[Pd(EUMN)(PPh3) 2 ] .
Data f o r  th e  tv o  m olecu les and t h e i r  average  v a lu e s  a re  ta b u la te d .
Bond M olecule #1 M olecule #2 Average
Pd - P 2.335 (2) 2.331 (2) 2.333 (1)
Pd -  c i b 2.113 (8) 2.116 (8) 2.114 (6)
c i  -  c r c 1.420 (10) 1.471 (9) 1.448 (7)
C 1 -  C 2 1.428 (14) 1.429 (15) 1.428 (10)
C 2 -  N 1.147 (16) 1.147 (16) 1.147 (11)
P -  C 3d 1.824 (5)
P -  C 9 1.825 (6)
P - C 15 1.817 (5)
P -  C 43 1.826 (5) 1.826 (2)
P -  C 49 1.836 (5)




Angle M olecule #1 M olecule #2 Average
p -  Pd -  p 113.0 ( 1) 115.2 ( 1 ) 114.1 ( 1)
Cl -  Pd -  Cl 39 .3 (3) 40.7 (3) 40 .0 (2 )
P -  Pd -  Cl 103.9 ( 2) 1 0 2 .0 (2 ) 103.0 ( 1)
Pd -  Cl -  C2 113.8 (7) 112.5 (7) 113.2 (5)
Cl -  C2 -  N 173.8 ( 11 ) 179 .4 ( 12 ) 176.4 ( 8)
C l '-  Cl -  C2 117.2 (9) 116.8 (9) 117-0 ( 6)
g
Average v a lu e s  were c a lc u la te d  as  w eigh ted  av erag es  from th e  fo llo w in g ,
— 2 B = w^Bj + v 2B2 where w = 1 /a
ct = (1/ ct^  + 1/
^Numbers on th e  carbons correspond  to  m olecule #1 ; co rresp o n d in g  numbers f o r
m olecu le  #2  a re  o b ta in ed  by add ing  40 to  th e  number.
cPrim es ( ' )  in d ic a te  th e  two fo ld e d  p o s i t io n  o f  th e  numbered atom s.
^Only an o v e r a l l  average  was c a lc u la te d .
TABLE V.
L e a s t-S q u a re s  P la n e s  D eterm ined For 
[Pd(FUMN)(PPh3) 2 ]
TABLE V
L e a s t Squares P la n e s ; The Angle Between T h e ir  Normals and The P e rp e n d ic u la r  
D is tan ce  o f  S e lec ted  Atoms Prom The P lan e . ( Ax + By + Cz = D )
(a) P lane D e f in i t io n  
P lan e  A B C D
M olecule #1
( I ) PdlA -P l-P l* 13.436 0 .0 0 0 -20 .561 - 1 .7 8 1
( 2 ) P d lA -C l-C l1 12.284 0 .0 0 0 -20 .871 -2 .1 4 7
(3) PdlA-Cl-C2 -18 .686 -2 .8 9 9 4 .785 -2 .477
(4) P dlA -P l-C l 13.218 0.197 -2 0 .6 2 4 -1 .9 2 0
(5) C1-C2-N1 5.133 -8 .7 5 8 -6 .677 4.552
( 6) C1-C2-C1' 3 .674 -8 .8 7 7 -6 .2 4 3 4,316
M olecule #2
(7) Pd2A-P3-P3' 16.919 0 .0 0 0 -1 8 .5 6 4 8.048
( 8) Pd2A-C41-C41' 17.069 0 .0 0 0 -1 8 .4 2 4 8.196
(9) Pd2A-C41-C42 -15 .811 -3 .0 0 9 -2 .3 0 8 -11 .778
( 10 ) Pd2A-P3-C41 16.984 -0 .0 3 8 -18 .537 8.085
( 11 ) C41-C42-N3 -17 .449 2.940 1.045 -12 .251
( 12 ) C41-C42-C411 4.605 -8 .9 5 8 -4 .9 7 1 2.256
TABLE V.
(Continued)
(b) D ev ia tio n s  o f  Atoms From 
P la n e s . (£)
Atom (1) (2) (7) ( 8)
Cl 0 .052
C2 -1 .1 0 8  -1 .2 1 1
N1 -2 .0 9 3  -2 .2 3 0
C41 0 .010
C42 1 .246 1.228
N3 2.339 2 .213
(c ) D ih ed ra l A ngles.
M olecule #1 
P lan es  A ngles
( 1 , 2 ) 4 .2
d ; 3 ) 115.9
( 1 , 6) 72 .6
(2 ,3 ) 111.9
( 2 , 6 ) 72 .6
(3 ,4 ) 115.6
(4 ,6 ) 73 .8
TABLE V.
(Continued)
A ngles Between P lan es  In  D egrees 
(°).
M olecule #2
P lanes A ngles A rith m e tic
Average
(7 ,8 ) 0 . 8 2 .5
(7 ,9 ) 1 1 0 . 8 113.4
(7 ,1 2 ) 7 4 .3 7 3 .5
(8 ,9 ) 111.5 111.7
( 8 , 12 ) 7 4 .3 73 .5
(9 ,1 0 ) 1 1 0 . 8 113.2
( 10 , 12 ) 74 .1 73.9
o
DISCUSSION
The u n i t  c e l l  c o n ta in s  f o u r  d i s c r e t e  m o le c u le s  o f
Pd(PUMN)(PPh ) I n d i v i d u a l  bond le n g th s  and a n g le s  In  t h i s  com- 
3 ^
pound do  n o t  d i f f e r  s i g n i f i c a n t l y  from  th e  m a jo r i ty  o f  th o s e  
r e p o r te d  in  s im i la r  compounds. B ecause th e r e  i s  no m e an in g fu l 
d i f f e r e n c e  i n  th e  v a lu e s  o f  th e  two h a l f  m o le c u le s , th e  a v e ra g e
o f  th e s e  v a lu e s  w i l l  be r e p o r te d .  Two bonds may be c o n s id e re d
2 2 kt o  d i f f e r  s i g n i f i c a n t l y  i f  A bond >  3 ( ct^  + ) t where
and a,, a r e  th e  s ta n d a rd  d e v ia t io n  o f  bond #1  and bond #2  (o r  
a n g le  #1 and a n g le  # 2 ) . T here i s  one e x c e p tio n  to  t h i s  c r i t e r i o n  
i n  T ab le  IV w ith  th e  P -P d -P 1 a n g le .  No re a s o n  h a s  been  found to  
su g g e s t t h a t  t h i s  d e v ia t i o n  i s  an e l e c t r o n i c  phenomenon. The 
s u sp e c te d  re a s o n  f o r  t h i s  d i f f e r e n c e  i s  due to  th e  s t r a i n  im posed 
on m o le c u le s  packed i n  th e  s o l id  s t a t e .
C e n t r a l  M eta l C o o rd in a tio n :
Two ph o sp h o ru s  atom s and two o l e f i n  ca rb o n  atom s form  a 
n e a r ly  p la n a r  a rran g em en t abou t th e  c e n t r a l  m e ta l .  The a v e ra g e  
Pd-P  bond le n g th  o f  2 .3 3 3  (1 ) £ i s  w i th in  th e  ra n g e  o f v a lu e s  
r e p o r te d  in  th e  l i t e r a t u r e :  Pd (C l)  (C^H^) (PPh^) o f  2 .31  ( - )  5if ^
P d (C l)(C 4H7 )(P P h 3) o f  2 .3 1  (1 ) 30  (TT-C3H5)P d(P P h3)S nC l3- 0 .4 0  M e^O
o f  2 .3 1 7  (3 )  8 , 31  and Pd(CS2) ( P P h ^  o f  2 .4 1 5  ( 8 ) S . 32 The
f u m a r o n l t r i l e  lig a n d  I s  s i tu a te d  in  th e  P -P d-P  p la n e  w ith  th e  
n o d a l p la n e  o f the . e th y le n e  tt system  p e rp e n d ic u la r  t o  th e  m o le c u la r  
p la n e .  The Pd-C d i s ta n c e s  from  th e  FUMN a re  2 .113  ( 8 ) and 2 .1 1 6  
( 8 ) £  and a re  c o n s i s t e n t  w ith  m e ta l-c a rb o n  bond le n g th s  r e p o r te d  
f o r  an a lo g o u s m o le c u le s :  P d(C l) (C^H^MPPh^) o f  2 .1 0  ( - ) ,
2 . 1 2  ( - ) ,  and 2 .1 7  ( - )  X , 29 and (T T -C ^ P d  ( P P h p S n C l^  0 .4 0  
Me2 C0 o f  2 .1 1 6  (21) 8 . 31 The C l-P d -C l ' p la n e  i s  t i l t e d  w ith  
r e s p e c t  to  th e  P l - P d - P l ‘ p lan e  by an  av e rag e  a n g le  o f  2 .5 ° .
T h is  s l i g h t  d e v ia t io n  from  c o - p la n a r i ty  can p ro b a b ly  be a t t r i b u t e d  
to  p a c k in g  fo r c e s  r a t h e r  th a n  any  s i g n i f i c a n t  e l e c t r o n i c  d i s t o r t i o n  
in  th e  f u m a r o n i t r i le  to  c e n t r a l  m e ta l b onds. E q u iv a le n t d ih e d r a l  
a n g le s  i n  r e l a t e d  o l e f i n i c  and a c e ty le n ic  compounds a re  found to  
v a ry  from  0 .2  to  8 .3  d e g re e s .
T r ip h e n y lp h o sp h in e :
The s ix  P-C d is ta n c e s  ran g e  from  1.817 (5 ) to  1 .836 (5 )
8  (a v e ra g e  i s  1 .8 2 6  (2 ) 8 ) and a g re e  w ith  P-C bonds r e p o r te d  f o r
r e l a t e d  co m p o u n d s .^  The a v e rag e  P-C bond le n g th  does n o t
d i f f e r  s i g n i f i c a n t l y  from  th e  v a lu e  o f  1 .8 2 8  (5 ) 8  r e p o r te d  f o r
33th e  u n c o o rd in a te d  tr ip h e n y lp h o s p h in e  m o le c u le . To m inim ize 
in te r a to m ic  i n t e r a c t i o n s ,  th e  p h en y l g roups in  th e  t r i p h e n y l ­
p h o sp h in e  l ig a n d s  a r e  s i tu a te d  in  a p r o p e l l e r  arrangem en t around 
th e  phosphorus a tom s. The av erag e  v a lu e  o f th e  Pd-P-C  an g le  i s  
114 .6  (11) °  and th e  av erag e  C-P-C a n g le  betw een a d ja c e n t  phen y l
groups i s  103 .8  (1 0 ) ° . No in d iv id u a l  C-C bond le n g th s  were
d e te rm in e d  s in c e  th e  phen y l r in g s  w ere t r e a t e d  a s  r i g i d  g roups
and a v a lu e  o f  1 .3 9 4  8  was chosen a s  th e  in v a r i a n t  C-C d is ta n c e
21-23f o r  th e  c o u rse  o f  re f in e m e n t.
F u m a r o n l t r i l e :
The v a lu e s  1 .4 2 8  (10) and 1 .147 (11) 8  w ere found f o r
th e  C-CN and C-N a to m ic  d is ta n c e s  r e s p e c t iv e ly .  These v a lu e s ,
w i th in  e x p e r im e n ta l e r r o r ,  a re  n e a r  th o s e  o f  1 .416 (16 ) and 1 .1 4 5
(15) X re p o r te d  f o r  I r (H ) (CO) (FUMN) (P P h ^ )^ * *  The m ost unique
f e a tu r e  in  th e  m o lecu le  i s  th e  C-C d is ta n c e  in  th e  o l e f i n i c
g ro u p . The a v e rag e  d is ta n c e  i s  found t o  be 1 .448  (7 ) 8 w hich i s
in te rm e d ia te  betw een  1 .5 4  8  o f  th e  C-C s in g le  bond and 1 .3 3  8  o f
21-23th e  C-C doub le  bond. A c o n s id e ra b le  amount o f  b a c k -d o n a tio n
*
from  th e  m e ta l o r f c i ta ls  in to  th e  tt o r b i t a l  o f  th e  f u m a r o n l t r i le
would a cco u n t f o r  th e  le n g th e n in g  o f th e  C-C bond to  such  an 
35e x te n t .
Pd-FUMN b o n d in g :
U sing  th e  P e a rso n  h a r d - s o f t / a c id - b a s e  th e o ry  (HSAB),
th e  p a lla d iu m  atom c o n ta in s  a d*° e l e c t r o n i c  system  and i s  con-
34s id e re d  a  v e ry  s o f t  a c id .  I n  th e  same m anner, th e  t r i p h e n y l ­
p hosph ine  and f u m a r o n l t r i le  l ig a n d s  a re  b o th  v e ry  s o f t  b a se s .
The PFh^ m o ie ty  h a s  a lo n e  p a i r  o f  e l e c t r o n s  a v a i l a b le  fo r  
d o n a tio n  t o  th e  m e ta l o r b i t a l s .  The f u m a r o n l t r i l e  h as  a tt bonded
sy stem  w h ich  can  a c t  a s  a weak e l e c t r o n  d o n o r ;  b u t more im p o r ta n t ly f
'ft
i t  c o n ta in s  an em pty tt -a n t ib o n d in g  o r b i t a l  a t  s u f f i c i e n t l y  low 
e n e rg y  to  a c t  a s  a s t ro n g  e l e c t r o n  a c c e p to r .  From th e  HSAB c o n ce p t 
we know a m ix ing  o f  a s o f t  a c id  w i th  s o f t  b a s e s  w i l l  p roduce  a 
s t a b l e  m o le c u le  w hose e l e c t r o n s  a re  r e d i s t r i b u t e d  so a s  t o  g a in  
th e  maximum s t a b i l i z a t i o n  e n e rg y . T h is  d e s c r i p t i o n  o f  bond ing  
p r e d i c t s  t h a t  th e  m o lecu le  w i l l  b e  s t a b l e ,  b u t  does n o t d e s c r ib e  
th e  method o f b o n d in g .
C usachs and co -w o rk e rs  have p re s e n te d  a m ore c o n c is e
•jf
bonding scheme fo r  TT -bonded m eta l o l e f i n s  com plexes in  term s o f
35a m o le c u la r  o r b i t a l  a p p ro a c h . A sc h e m a tic  r e p r e s e n ta t i o n  o f
th e  b o n d in g  scheme i s  i l l u s t r a t e d  in  F ig u re  2 . C o n s id e r in g  t r i g o n a l
and sq u a re  p la n a r  h y b r id  m e ta l  o r b i t a l s ,  C usachs co n clu d ed  t h a t  
2
t h e  m e ta l  dp h y b r id  o r b i t a l  was m ost f a v o ra b le  f o r  t h i s  ty p e  o f
2
com plex b o n d in g . F ig u re  2 shows one o f  th e  t h r e e  h y b r id  dp o r b i ­
t a l s  o f  th e  m e ta l  i n  an  o r i e n t a t i o n  such  t h a t  i t  can  p a r t i a l l y  
o v e r la p  th e  TT c lo u d  o f  th e  FUMN g ro u p . The o r i e n t a t i o n  o f  th e
m e ta l d 2 2  o r b i t a l  i s  c o r r e c t  f o r  e f f e c t i v e  o v e r la p  w i th  th ex - y
*
TT - a n t ib o n d in g  o r b i t a l  o f  th e  o l e f i n  g ro u p . The n e t  e f f e c t  o f
th e s e  o v e r la p s  in  th e  p r e s e n t  c a se  i s  to  in c r e a s e  th e  s y n e rg ic
bon d in g  in  th e  Pd-FUMN sy stem . As th e  FUMN tt bond d o n a te s
2
e l e c t r o n s  to  th e  em pty dp o r b i t a l  o f  Pd, th e  f i l l e d  Pd d^2 2
*
o r b i t a l  b a c k -d o n a te s  e l e c t r o n s  i n t o  th e  TT o r b i t a l  o f  FUMN.
R. Jo n es  h a s  co n clu d ed  from  X -ra y  a n a ly s i s  and i r  s tu d ie s  t h a t
FIGURE 2 .
C u sa c h 's  M odel Of B onding F o r O le f in ic  
Complexes o f  T r a n s i t io n  M eta ls
46
In  com plexes o f  t h i s  s o r t  th e  tt a c c e p t in g  a b i l i t y  o f  th e  o l e f i n
i s  more i n f l u e n t i a l  in  s t a b i l i z i n g  th e  m e t a l - o l e f i n  bond th a n  i t s
36 Att d o n a t in g  a b i l i t y .  T hus, I f  th e  FUMN tt o r b i t a l  a c c e p ts
e l e c t r o n s  and th e  tP  o r b i t a l  d o n a te s  c h a rg e  d e n s i t y  to  th e  dp^
o r b i t a l ,  a d e c re a s e  in  bond o rd e r  w i l l  o c cu r in  th e  C-C bond o f
th e  FUMN. T h is  i s  th e  t r e n d  o b se rv ed  in  th e  p r e s e n t  s t r u c t u r e .
The d e g re e  to  w hich  th e  bond o rd e r  d e c r e a s e s  w i l l  depend p a r t l y
*
on th e  d egree o f  o verlap  o f  the d 2 2 and tt o r b i t a l s  and th ex  -y
a v a i l a b i l i t y  o f e l e c t r o n s  on th e  c e n t r a l  m e ta l .  The m e ta l i n  
t h i s  s tu d y  (P d (0 ) )  i s  a  d ^ °  sy stem  and th e  m e ta l  o r b i t a l s  c o n ta in  
s u f f i c i e n t  e l e c t r o n s  w i th  w h ich  to  b a c k -d o n a te . The o th e r  con­
s i d e r a t i o n ,  th e  d e g re e  o f  i n t e r a c t i o n ,  depends on th e  s iz e  and 
d i r e c t i o n a l  p r o p e r t i e s  o f  th e  a to m ic  o r b i t a l s  and a l s o  on th e
e n e rg y  d i f f e r e n c e s  o f  th e  o v e r la p p in g  o r b i t a l s .  Jo n es  add
*
o th e r s  have dem onstrated th a t  th e  energy  o f  th e  it o r b ita l
d e c r e a s e s  a s  s t r o n g e r  a n d /o r  l a r g e r  num bers o f  e l e c t r o n  w ith d ra w in g
5 36g ro u p s  a r e  p la c e d  on th e  o l e f i n  c a rb o n s  (F ig u re  3 ) .  * The two 
cyano g ro u p s on th e  FUMN a r e  s t r o n g ly  e l e c t r o n  w ith d ra w in g  and 
w ould  a p p e a r  Co f u l f i l l  th e  e n e rg y  re q u ire m e n t and f a l l  i n  th e  
r e g io n  in d ic a te d  in  F ig u re  3.
C om parisons and C o r r e la t io n s :
H aving e s t a b l i s h e d  r e a s o n a b le  j u s t i f i c a t i o n  f o r  a p p ly in g  
C u sach ’s  m odel o f  bon d in g  t o  th e  p r e s e n t  s t r u c t u r e ,  co m parisons
FIGURE 3 .
E n e rg ie s  For The H ig h e s t O ccupied n  M o lecu la r 
O r b i t a l  and Lowest Empty U A n tib o n d in g  O r b i ta l  
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and c o r r e l a t i o n s  o f  th e  bonding  In  Pd(FUMN) (PPh3) 2 w i t^  o th e r  
m o lecu les  can fo llo w . X -ray  s tu d ie s  o f  th e  an a lo g o u s 
P t  (FUMN) (PPh^) j  m o le c u le ^  a s  w e l l  a s  an  I r id iu m  compound,
Ir (H ) (CO) (FUMN) (PPh3) 2^  have been  p erfo rm ed . A com parison  o f 
p e r t in e n t  bond le n g th s  and a n g le s  i s  p re s e n te d  In  T ab le  V I. I t  
shou ld  be re -em p h asized  t h a t  th e  s in g le  v a lu e s  f o r  Pd(FUMN)(PPh^)^ 
a r e  w e ig h ted  av e rag e  v a lu e s  f o r  th e  two h a l f  m o le c u le s  w hich  a re  
r e p o r te d  In  t h i s  s tu d y .
When th e  d a ta  o f  th e s e  th r e e  compounds ( i . e . ,
Pd(FUMN)(PPh3) 2 , Pt(FUMN)(PPh3) 2 , and Ir(H ) (CO)(FUMN)(PPh3 ) 2 w ere 
i n i t i a l l y  com pared, (T ab le  VI) an  a p p a re n t s h o r te n in g  o f th e  
m e ta l-p h o sp h o ru s  bond in  th e  p la tin u m  compound was observed  
a lo n g  w ith  two s i g n i f i c a n t l y  d i f f e r e n t  C-C bond le n g th s  f o r  th e  
c h e m ic a lly  e q u iv a le n t  m e ta l-c a rb o n  bonds in  th e  FUMN. I t  was 
su sp e c te d  th a t  th e  X -ray  s tu d y  o f  th e  p la tin u m  complex was 
q u e s t io n a b le .  The m e ta l-p h o sp h o ru s  bond i n  each  o f  th e  
d e te rm in a tio n s  was found to  be 2 .2 9  ( P t - P ) ,  2 .3 3  (P d -F ) , and 
2 .3 2  ft ( I r - P ) .  A s e a rc h  th ro u g h  th e  l i t e r a t u r e  p ro v id ed  
th e  a v e rag e  v a lu e s  o f  2 .2 9  ( P t - P ) ,  2 .3 2  (P d -P ) , and 2 .3 5  ft 
( I r - P )  and th e  v a lu e s  found in  th e  th r e e  s t r u c tu r e s  a g re e  w e ll  
w ith  th e s e  bond le n g th s .  I f  one lo o k s  a t  th e  p e r io d ic  t r e n d s  
o f  e f f e c t i v e  a to m ic  o r io n ic  r a d i i ,  th e r e  i s  a g e n e ra l  d e c re a se  
in  th e  s iz e  from  th e  5d s e r i e s  to  th e  6d s e r i e s  o f  th e  t r a n s i t i o n  
e le m e n ts . T h is would a cc o u n t f o r  th e  d i f f e r e n c e  betw een th e  Pd-P
TABLE VI
A Summary o f  T hree  Complexes C o n ta in in g  The
FUMN L igand
TABLE V I.
A Summary o f  Three Complexes C on ta in ing  The FUMN Ligand.
[Pd(FUMN)(PPh3) 2 ] [Pt(FUMN)(PPh3) 2 ] [lr(H)(CO)(FUMN)(PFh3) 2 ]
Data Method
Bonds
M -  P
M -  C
C - C '
A ngles
P -  M -  P
C - M -  C
P lan es
P -  M -  P 
vs
C -  M -  C
5.0% P 2 /n  8 .3% P 2l / c
D iff ra c to m e te r  Mo Ka F ilm  Cu -  KOf
2 .333  (1) 
2 .114  ( 6) 
1 .448 (7 )
114.1 (1) 
4 0 .0  (2)
2 . 5
2 .2 7 7 (5 ) ,2 .2 9 6 (4 )  
2 .0 5 (2 ) ,2 .1 6 (2 )  
1 .5 3 (4 )
10 4 .4 (2 )
4 2 .6 (1 0 )
5.2^
5.6% C 2 /c 
D iff ra c to m e te r  Mo Ka
2.317 (3)
2 .110 (9)






and P t- P  v a lu e s .  However, one would e x p e c t th e  s i z e  o£ th e
i r id iu m  and p la tin u m  to  be a p p ro x im a te ly  th e  same. Even th o u g h
t h i s  i s  n o t  a r a s h  a ssu m p tio n , i t  m ust be a p p l ie d  w i th  c a u t io n
1 +  8f o r  two r e a s o n s .  I n  th e  com plexes, th e  I r  i s  a d sy stem  and
the PtCQ) i s  a d^°system  and th e  atom ic ' s i z e s '  o f  th e se  In d iv id u a l
s p e c ie s  w i l l  be s l i g h t l y  d i f f e r e n t .  The second and more im p o r ta n t
r e a s o n ,  I s  th e  s t e r i c  e f f e c t .  I n  th e  p la tin u m  and p a lla d iu m
com plexes, th e  sq u a re  p la n a r  a rran g em en t can accommodate two
c i s - tr ip h e n y lp h o s p h in e  l ig a n d s  w ith o u t  h in d ra n c e . The sym m etry
of th e  l ig a n d s  a b o u t th e  i r id iu m  i s  o c ta h e d r a l  and in  t h i s
c o n f ig u r a t io n ,  th e  m e ta l - l ig a n d  bond le n g th s  a r e  s e n s i t i v e  to
s t e r i c  e f f e c t s .  T h is  s e n s i t i v i t y  to  s p a t i a l  a rran g em en t o f
l ig a n d s  a b o u t a c e n t r a l  m e ta l i s  i l l u s t r a t e d  In  th e  c a s e  o f
Ir (H )  (CO) (FUMN) ( P P h ^ g ^  w here th e  m e ta l-p h o sp h o ru s  d i s ta n c e
i s  2 .3 1 7  (3 ) 2 and in  th e  more s t e r i c a l l y  hindered
12Ir(B r)(C O )(T C N E )(P P h3) 2  (w here TCNE = te t r a c y a n o e th y le n e )  
th e  a v e ra g e  m e ta l-p h o sp h o ru s  bond i s  2 .4 0 0  (3 ) S . T hus, th e  
r e s u l t s  o f  th e s e  th r e e  s tu d i e s  a r e  c o n s i s t e n t  w i th  th e  l i t e r a t u r e  
v a lu e s  f o r  m e ta l-p h o sp h o ro u s  d i s t a n c e s ,  and t h e i r  r e l a t i v e  
m ag n itu d es  can be r a t i o n a l i z e d  by b o th  p e r io d ic  t r e n d s  and 
s t e r i c  e f f e c t s .
C o r r e la t io n s  o f  th e  m e ta l-c a rb o n  d i s ta n c e s  in  th e s e  
compounds a r e  g e n e r a l ly  f u t i l e ,  and no co m parison  o f  th e s e  
v a lu e s ,  s im i l a r  to  th e  co m p ariso n  f o r  m e ta l-p h o sp h o ru s  b o n d s ,
can  be made s in c e  th e  e r r o r s  f o r  th e  m e ta l-c a rb o n  d i s t a n c e s  a re  
l a r g e .  The r e s o l u t i o n  f o r  l i g h t  atom s i n  th e  im m ediate  v i c i n i t y  
o f h eav y  m e ta ls  i s  p o o r and no  m ean in g fu l c o n c lu s io n s  can  be 
drawn u n t i l  more p r e c i s e  d i f f r a c t i o n  d a ta  a r e  o b ta in e d . N ev e rth e ­
l e s s ,  th e  d i f f e r e n c e  betw een  th e  m e ta l-c a rb o n  bond le n g th s  
r e p o r te d  f o r  th e  P t  com plex ( 2 .0 5  (2 ) and 2 .1 6  (2 ) 8 ) i s  a p p a r e n t ly  
s i g n i f i c a n t .  These two bonds sh o u ld  be c h e m ic a lly  e q u iv a le n t  
and no s i g n i f i c a n t  d i f f e r e n c e  i s  e x p ec te d  to  e x i s t  be tw een  them ; 
t h e r e f o r e ,  i t  i s  p o s s ib le  t h a t  th e  a p p a re n t  d i f f e r e n c e  i s  due 
to  an e r r o r  i n  th e  Pt(FUM N)(PPh^)^ s t r u c t u r e .
F o u r p o s s ib le  s o u rc e s  o f  e r r o r  have  been  i d e n t i f i e d ,  
and i n d i v id u a l ly  o r  in  t o to  may c o n t r ib u te  t o  th e  p ro d u c t io n  
o f  th e  s p u r io u s  r e s u l t s  r e p o r te d  by P a n a t to n i  e t  a l . T h e ir  d a ta  
w ere  d e r iv e d  from  m ic ro d e n s i to m e tr ic  m easurem ents o f  em u ls io n  
f i lm s  and a r e ,  t h e r e f o r e ,  in h e r e n t ly  l e s s  a c c u r a te  th a n  d i f ­
f r a c to m e te r  d a t a .  A n o th er so u rc e  o f e r r o r  would r e s u l t  from  th e  
f a c t  t h a t  a c y l i n d r i c a l  a b s o r p t io n  c o r r e c t io n  was a p p l ie d  t o  th e  
d a ta  a n d , a l th o u g h  t h i s  may n o t  be  a bad e s t im a t io n  o f  th e  
c r y s t a l  sh a p e , i t  i s  s t i l l  an  a p p ro x im a tio n  to  th e  a c t u a l  sh ap e .
The e r r o r  due to  t h i s  c o r r e c t io n  i s  n o t  a n t i c i p a t e d  to  c o n t r ib u te  
e x te n s iv e ly  to  th e  r e s u l t i n g  d i f f e r e n c e  b u t ,  n e v e r th e le s s ,  i s  an  
a d d i t i o n a l  so u rc e  o f  e r r o r  i n  th s  s t r u c t u r e  d e te r m in a t io n .  A 
t h i r d  so u rc e  i s  th e  o m iss io n  o f  th e  im a g in a ry  p a r t  o f  th e  
anom olous d i s p e r s io n  c o r r e c t io n  made f o r  th e  p la tin u m  atom . T h is
c o r r e l a t i o n  m o d if ie s  th e  c a lc u la te d  p h ase  o f th e  s t r u c t u r e  f a c t o r
and th u s  d i r e c t l y  a f f e c t s  th e  a to m ic  p o s i t i o n s .  No j u s t i f i c a t i o n
f o r  t h i s  o m iss io n  was made by th e  a u th o r s  and t h i s  i s  a g en u in e
s o u rc e  o f e r r o r .  The l a s t  and p e rh a p s  m ost s i g n i f i c a n t  o f  th e s e
f o u r  p o s s ib le  so u rc e s  o f  e r r o r  may be due to  i n c o r r e c t  s e l e c t i o n
o f th e  space  g ro u p . The space g roup  o f th e  P t  com plex was
5 39re p o r te d  to  be  P 2 ^ /c  , no. 14) b u t in  th e  Pd an a lo g u e  i t
i s  P 2 /n . I t  was p o in te d  o u t e a r l i e r  t h a t  a c e n te r  o f  symmetry 
a lm o s t e x i s t s  in  th e  Pd com plex u n i t  c e l l  a t  (Ag, % ), and i f  
g e n u in e , th e  n o n cen tro sy m m etric  sp ace  g ro u p , P n , c o n s id e re d  in  
th e  s o l u t io n  o f  th e  Pd com plex would become P 2 ^ /c  upon a s im p le  
t r a n s f o r m a t io n  o f  a x e s . T h is  p seudo  in v e r s io n  c e n te r  r e l a t e s  
v e ry  c lo s e ly  th e  Pd and P atom s in  th e  two h a l f -m o le c u le s  o f  th e  
asy m m etric  u n i t ,  b u t th e  l i g h t e r  atom s a re  n o t a s  c lo s e ly  r e l a t e d .  
I f  th e  in v e r s io n  c e n te r ,  r e p o r te d  i n  th e  P t  com plex, w ere a c t u a l l y  
a  p seudo  in v e r s io n  c e n te r ,  th e n  th e  p la tin u m  and phosphorus 
a tom s would be c lo s e ly  r e l a t e d  by th e  in v e r s io n  o p e r a t io n  w h ile  
th e  FUMN group  would n o t b e . The s o lu t io n  o f  th e  s t r u c t u r e  u s in g  
th e  i n c o r r e c t  space  g roup  cou ld  r e s u l t  i n  d i s t o r t i o n s  o f  th e  bond 
le n g th s  and a n g le s  in  th e  FUMN g ro u p .
F u r th e r  e v id e n c e  s u p p o r t in g  th e  f a c t  t h a t  th e  r e s u l t s  
o f  th e  P t  com plex may n o t  be l e g i t im a te  comes from  th e  fo llo w in g  
o b s e r v a t io n .  I t  was p o in te d  o u t e a r l i e r  t h a t ,  a s  th e  number o f  
e l e c t r o n e g a t iv e  g ro u p s on th e  e th y le n e  i s  in c r e a s e d ,  th e  c lo s e r
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th e  en erg y  l e v e l s  o f  th e  o l e f i n  tt and m e ta l d o r b i t a l s  app ro ach  
each  o th e r .  I f  t h i s  i s  th e  c a s e , th e  o v e r la p  o f  th e s e  two s e t s  
o f  o r b i t a l s  sho u ld  in c r e a s e ,  c au s in g  th e  C-C e th y le n e  bond to  
le n g th e n . In  T ab le  V II t h i s  in c re a s e  i s  o b serv ed  i n  th e  
Ir(H)(CO)(FUMN)(PPh3) 2 and Ir(B r)(C O )(TC U E)(PPh3>2 com plexes, 
w here th e  C-C le n g th s  a re  1 .431  (20) and 1 .5 0 6  (15) 8  r e s p e c t iv e ly .  
However, lo o k in g  a t  th e  c o rre sp o n d in g  P t com plexes o f Pt(FUMN)(PPh3 ) 2 
and Pt(TCNE)(PPh3) 2 » whose re p o r te d  e th y le n e  bond le n g th s  a re
1 .5 3  (4 ) and 1 .4 9  (5 ) 8  r e s p e c t iv e ly ,  t h i s  t r e n d  i s  n o t p re s e rv e d . 
T h e re fo re , i t  i s  concluded  th a t  th e  r e s u l t s  f o r  th e  FUMN C-C 
and P t-C  bond d i s ta n c e s  in  th e  Pt(FUMN)(PPh3 ) 2 complex ap p ea r to  
be i n c o r r e c t .
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TABLE V II.
A Summary Of C y a n o -S u b s titu te d  O le f in  Complexes
Of
P d , P t ,  and I r
TABLE VII.
A Summary o f  C y an o -S u b stitu ted  O le f in  Complexes o f  Pd, P t ,  and I r  
Bonds in  8  A ngles in  ( ° )
M olecule M -  P M - C C - C P -  M -  P C - M -  C R eference
Pd(FUMN) 2.335 (2) 
2 .331 (2)
2 .113 ( 8) 
2 .116  ( 8 )
1 .42  (1) 
1.47 (1)
113.0  (1) 
115.2 (1)
39 .3  (3 ) 
40 .7  (3)
P re se n t Work






1 .53  (4) 104 .4  ( 2 ) 4 2 .6  ( 10 ) 10
Pt(TCNE) 2 .291 (9 ) 
2 .288  ( 8)
2 . 1 2
2 . 1 0
(3)
(3)
1 .49  (5) 101.4  (3) 4 1 .5  (13) 15
Ir(FUMN) 2.317 (3) 2 . 1 1 0  (9) 1 .43  (2) 114.1 (1) 39.7  (5 ) 11
Ir(TCNE) 2 .40  ( - ) 2 .15 ( - ) 1 .51  (2) 110 .4  ( - )  
103 .6  ( - )
4 1 .0  ( - ) 12
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CHAPTER I I .
THE X-RAY STRUCTURE DETERMINATION
OP
TRICYANOMETHANIDO-N-CARBONYLBIS(TRIPEHNYLPHOSPHINE) IRIDIUM ( I )
[ir(TCM )(CO )(PPh3) 2 ]
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INTRODUCTION
As e a r ly  a s  1886, th e  tricy an o m eth an i.d e  a n io n  (TCM) was
p re p a red  and s tu d ie d ;^  b u t i t  was n o t u n t i l  1962 th a t  a co n v en ien t
2
p r e p a r a t io n  f o r  t h i s  a n io n  was e s ta b l i s h e d  and an  i n t e r e s t  in
t h i s  t r i v a l e n t  carb o n  c o n ta in in g  m olecu le  en su ed . The sodium
3 A £ “J
(NaTCM), p o ta ss iu m  (KTCM), and ammonium (NH^TCM) s a l t s  were
s tu d ie d  by  v a r io u s  m ethods and among th e s e  was X-ray c r y s t a l l o g ­
rap h y . I t  was found th a t  a l l  th r e e  c r y s t a l  s t r u c tu r e s  w ere 
p o ly m eric  and w ith  th e  e x c e p tio n  o f  th e  NH^+ compound, a l l  w ere 
judged  to  d is p la y  a t r i g o n a l  p la n a r  a rrangem en t fo r  th e  t r i -  
cyanom ethanide io n .
F o llo w in g  th e  s tu d y  o f  th e  a l k a l i  m e ta l s a l t s ,  th e  n ex t 
m o le c u le s  to  be s tu d ie d  w ere th e  t r a n s i t i o n  m e ta l compounds. 
Compounds o f  M n (I), M n (II) , F e ( I I ) ,  F e ( I I I ) ,  C o ( I I ) ,  N i ( I I ) ,
8 _
C u ( I I ) ,  and A g(I) w ere p rep a red  and t h e i r  p r o p e r t i e s  s tu d ie d .
I n  a l l  th e  compounds, a t r i g o n a l  p la n a r  c o n f ig u r a t io n  f o r  th e  TCM
io n  was p re d ic te d  by s tu d y in g  th e  in f r a r e d  sp ec tru m  in  th e  
- 12150 -  2250 cm re g io n . Two o f  th e s e  compounds, th e  AgCCCCN)^)
and th e  CuCcCCN)^^ m o le c u le s , w ere in v e s t ig a te d  f u r th e r  by
9 13X -ra y  d i f f r a c t i o n .  * T h e re s u l ts  o f th e s e  s tu d ie s  showed, a s
+ + +i n  th e  c a se  o f  th e  Na , K , and NH  ^ s a l t s ,  a p o ly m eric  s t r u c tu r e
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f o r  th e  m e ta l compounds. In  th e  s o l id  s t a t e ,  I t  appeared  t h a t  th e  
m ost s t a b l e  c o n f ig u r a t io n  was th e  p o ly m e ric  p ack in g  o f th e se  
m o le c u le s . Only a few monomers w ere p rep a red  and th o s e  o n ly  in  
s o lu t io n .
B addley and L enarda took  a un ique  ap p ro ach  in  u t i l i z i n g
14th e  TCM io n  a s  a l ig a n d  in  t r a n s i t i o n  m e ta l com plexes.
They p re p a red  and i s o l a t e d  some c r y s t a l l i n e ,  monomeric com plexes 
o f  i r id iu m , rhodium , p a lla d iu m , and p la tin u m  c o n ta in in g  th e  t r i -  
cyanom ethanide io n . The s tu d y  o f th e  bonding  betw een th e  m e ta l 
and th e  TCM lig a n d  was perform ed w ith  th e  a id  o f in f r a r e d  and 
nmr s p e c t r a l  d a ta .  The c o n c lu s io n  th e y  reach ed  was t h a t  th e  
TCM group was p la n a r  and bonded to  each  m e ta l by a k e te n im in a to  
l in k a g e ,  i . e . ,  th ro u g h  th e  n i t r o g e n  atom  in  th e  TCM group . How- 
e v e r ,  some d i f f i c u l t y  was en co u n te red  e x p la in in g  th e  h ig h  
(2005 cm *) c a rb o n y l s t r e t c h i n g  freq u e n cy  in  th e  Ir(TCM) (CO) ( P P h ^ j  
compound.
Two d i s t i n c t  s t r u c tu r e s  cou ld  e x p la in  t h i s  u n u su a l
s t r e t c h i n g  f re q u e n c y . I f  th e  TCM group  w ere s i t u a t e d  t r a n s  to
th e  c a rb o n y l, th e n  th e  in c re a s e  in  th e  s t r e t c h i n g  fre q u e n c y  o f
th e  CO would be acco u n ted  f o r  i f  th e  d ic y a n o k e te n im in a to  lig a n d
w ere a v e ry  s t ro n g  p i - a c c e p to r .  The a l t e r n a t i v e  s t r u c tu r e  o f f e re d
was th a t  o f  a c i s  c o n f ig u r a t io n  c i t i n g  th e  e m p ir ic a l  c r i t e r i o n
15o f  Kemmit and B lan d , v i z . ,  t h a t  i n  th e  in f r a r e d  re g io n  o f  th e  
sp ec tru m  from  1570 -  1590 cm * two bands due t o  th e  l ig a n d
are p r e se n t , and i f  the h igh er energy band i s  the more in te n se ,  
c i s  s tero ch em istry  i s  p re sen t. A d d itio n a l ev id en ce  fo r  the c i s  
c o n fig u r a t io n  came from the nmr sp e c tr a l data o f  Ir(TCM) (CO)(FMePhg^ 
which was made from the Ir(TCM) (CO) (P P h^g compound.
The X -ray  s tu d y  o f  t h i s  compound, Ir(TCM) (CO) (PPh^)^ was 
u n d e rta k e n  in  o rd e r  to  c l a r i f y  w h e th er th e  m o lecu le  e x h ib i t s  th e  
c i s  o r  t r a n s  c o n f ig u r a t io n  and t o  a tte m p t to  d e s c r ib e  th e  mode o f  
bond ing  o f  th e  TCM and c a rb o n y l groups to  th e  i r id iu m  atom .
CRYSTAL DATA
The i r r e g u l a r l y  shaped c r y s t a l  o f  [ir(TCM ) (CO)(PPh_)„ C,J  2 O
(where TCM i s  tr icy a n o m e th a n id e  io n  and PPhg *,fl t r ip h e n y lp h o s p h in e )  
used in  d a ta  c o l l e c t i o n  was p a le  y e llo w  and a p p ro x im a te ly  0 .3 0  x 
0 .2 0  x 0 .3 0  mm. i n  s i z e .  The compound c r y s t a l l i z e s  in  th e  t r i c l i n i c  
system  w ith  C c e n te re d  c e l l  c o n s ta n ts  o f  a a  22,677 (1 9 ) , 
b = 11.550 (1 2 ) , c = 17 .010  (15) 8 , a  = 80 .21  (1 0 ) ,  0 = 95 .9 4  (7 ) ,
Y = 92 .1 4  ( 6 ) °  (where th e  number i n  p a re n th e s e s  d e n o te s  th e  e r r o r  
in  th e  l a s t  s i g n i f i c a n t  f i g u r e ) ,  V = 4366 8 , 3 and Z = 4 fo rm ula
u n i t s .  S in c e  t h i s  c e l l  was found to  be C c e n te re d , th e  p r im a tiv e
reduced  c e l l  was c a lc u la te d  and th e  l a t t i c e  c o n s ta n ts  f o r  t h i s  
c e l l  w ere found to  be a = 11.615 ( 9 ) ,  b = 12 .562 ( 9 ) ,  c = 16 .976 
(12) 8 , a  = 91 .2 4  ( 7 ) ,  0 = 99 .46  ( 5 ) ,  y  = 114.91 ( 6 ) ° ,  V = 2204 8 , 3 
and Z = 2 fo rm ula  u n i t s  w ith  Fqqq = 866  e l e c t r o n s .  The t r a n s ­
fo rm a tio n  m a tr ix  employed in  th e  t r a n s i t i o n  from  th e  C c e n te re d  
c e l l  to  th e  p r im i t iv e  red u ced  c e l l  was a l e f t  handed m u l t i p l i e r  
o f  th e  form .
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w here , and a re  th e  p r im i t iv e  red u ced  c e l l  ax es  and
fa, and £, a r e  th e  C c e n te re d  a x es . B ecause o f  th e  so lv a te d
c o n d it io n  o f th e  compound, a d e n s i ty  d e te rm in a tio n  by th e  f l o t a t i o n
te c h n iq u e  was In c o n c lu s iv e . The c a lc u la te d  d e n s i ty  assum ing two
-3
fo rm ula  u n i t s  p e r  u n i t  c e l l  was d e te rm in ed  to  be 1 .32g .cm  .
A s p h e r ic a l  a b s o r p t io n  c o r r e c t io n  was a p p lie d  to  th e  
red u ced  i n t e n s i t i e s  s in c e  th e  c a lc u la te d  l i n e a r  a b s o r p t io n  co­
e f f i c i e n t  f o r  X = 0 .7107 8 ) f o r  th e  compound was 33 .53  cm"*' 
and assum ing a r a d iu s  (R) o f  0 .1 2 5  mm., r e s u l t e d  i n  a v a lu e  o f
0 .4 2  f o r  uR * T h is  v a lu e  o f  uR was s u f f i c i e n t l y  la rg e  to^ m a x  ^ m a x  J
w a rre n t th e  a b s o r p t io n  c o r r e c t io n .
The o n ly  s y s te m a tic  ab sen ces  d is p la y e d  on th e  em ulsion  
f i lm s  w ere hk£ , h  + k = 2n + I .  These ab sen ces  co rresp o n d ed  to  
a C c e n te re d  c e l l  and a t  t h i s  p o in t  th e  red u ced  p r im i t iv e  u n i t  
c e l l  was c a lc u la te d  in  o rd e r  to  s im p l i fy  th e  m apping p ro ced u re  
i n  th e  s o lu t io n  o f  th e  s t r u c tu r e  and l a t e r  r e f in e m e n t.  The p re ­
l im in a ry  s o lu t io n  wsb perfo rm ed  i n  th e  space  g ro u p , P I ( c j ,  
number 2 ^ ) .  However, sp ace  group P I ( c j ,  number 1 a l s o
f i t s  th e  r e f l e c t i o n  d a ta  and was e v e n tu a l ly  t e s t e d  a g a in s t  th e
c en tro sy m m etric  sp ace  g ro u p , P I , and i t  was found t h a t  th e  m ost 
l i k e l y  o f th e  two space g ro u p s i s  P I .
EXPERIMENTAL PROCEDURE
The p a le  y e llo w  c r y s t a l s  w ere r e c r y s t a l l i z e d  in  a 
m ixed so lv e n t system  c o n s is t in g  o f benzene and hex an e . T his was 
done by d i s s o lv in g  a  sm all amount o f  sam ple in  benzene and ad d in g  
hexane u n t i l  th e  s o lu t io n  j u s t  tu rn ed  c lo u d y . The r e s u l t i n g  
c r y s t a l s ,  w hich  formed i n  t e n  days upon p a r t i a l  e v a p o ra t io n  o f 
th e  s o lv e n t ,  w ere w e ll  shaped and t r a n s p a r e n t .  However, o v er a 
p e r io d  o f a w eek, th e  m a te r ia l  became opaque and te x tu re d  l i k e  
lump su g a r . I n i t i a l l y ,  when a c r y s ta l  was examined u s in g  
W eissenberg  f i lm  te c h n iq u e s , i t  d is p la y e d  a good d i f f r a c t i o n  
p a t t e r n .  The same c r y s t a l ,  a f t e r  tu rn in g  opaque, was no lo n g e r 
a s in g le  c r y s t a l  and no d i f f r a c t i o n  p a t t e r n  was o b se rv e d . At 
t h i s  tim e  i t  was su sp e c ted  t h a t  e i t h e r  th e  g ases  o f  th e  a i r  were 
r e a c t in g  w ith  th e  c r y s ta l  o r  t h a t  a s o lv e n t  m o lecu le  was e sc a p in g  
from  th e  c r y s t a l  l a t t i c e  c a u s in g  i t  t o  c o l la p s e ,  th u s  re n d e r in g  
th e  m a te r ia l  n o n - c r y s t a l l i n e .  In  o rd e r  t o  p re v e n t t h i s  
'd e c r y s t a l l i z a t i o n , ' w h ite  g lu e  was used to  co a t th e  e n t i r e  
c r y s t a l .  T h is r e ta rd e d  th e  g ro s s  d e s t r u c t i o n  o f  th e  compound 
c r y s t a l l i n i t y  f o r  th e  e n t i r e  f iv e  weeks o f  d a ta  c o l l e c t i o n .
A s e r i e s  o f  r o t a t i o n ,  e q u i in c l in a t io n  W eissenberg , and 
p re c e s s io n  p h o to g rap h s  w ere ta k e n  u s in g  Mb K a  r a d i a t i o n
(X = 0 .7107  £ ) in  o rd e r  to  o b ta in  th e  c r y s t a l  o r i e n t a t i o n  and 
t o  d e f in e  a u n i t  c e l l .  B ecause o f  th e  c lo s e n e s s  o f  th e  r e c i p r o c a l  
l a t t i c e  l e v e l s ,  o n ly  th e  z e ro  l e v e l  o f  each  m a jo r p re c e s s io n  zone 
was o b ta in e d .
Once th e  o r i e n t a t i o n  o f  th e  c r y s t a l  was e s t a b l i s h e d ,
th e  c r y s t a l  w as t r a n s f e r e d  to  an E n ra f  N onius PAD-3 fo u r  c i r c l e
d i f f r a c to m e te r .  T hree  r e f l e c t i o n s  w ere  c a r e f u l l y  c e n te re d  u s in g
th e  method p r e v io u s ly  d e s c r ib e d  ( s e e  C h ap te r I ,  E x p e rim e n ta l
18P ro c e d u re )  and program  ORIENT was u sed  to  g e n e r a te  o r i e n t a t i o n
a n g le s  and a s u b s e t  o f  a l l  th e  g e n e r a l  r e f l e c t i o n s  on th e  a ssu m p tio n
o f  a p r im i t iv e  c e l l .  S e v e ra l  a t te m p ts  w ere made t o  i d e n t i f y
and c h a r a c te r i z e  th e  r e f l e c t i o n s  b u t  no r e f l e c t i o n s  o u t o f  th e
O kl p la n e  co u ld  be fo u n d . At t h i s  p o i n t ,  an a ssu m p tio n  was made
t h a t  th e  'a*  a x i s  o f  th e  c r y s t a l  was a c t u a l l y  tw ic e  as lo n g .
B ased on t h i s  a s su m p tio n , th e  em u ls io n  f i lm s  w ere  re in d e x e d  and
i t  was found t h a t  th e r e  w ere  a b se n c e s  in  th e  g e n e r a l  h k l d a ta  o f
h  + k = 2n + 1. T h is  c o rre sp o n d s  t o  a C c e n te re d  l a t t i c e .  Program
REDUCELIj^^ d e te rm in e d  th e  p r im i t iv e  red u ced  c e l l  c o n s ta n ts  and
th e s e  v a lu e s  w ere  used  i n  th e  d a ta  c o l l e c t i o n  and re f in e m e n t .
Tw enty r e f l e c t i o n s  w ere c a r e f u l l y  o r ie n te d  by th e
t o p / b o t t o m - l e f t / r i g h t  c e n te r in g  te c h n iq u e  (C h a p te r  I ,  E x p e rim en ta l
P ro c e d u re )  and u sed  i n  ORIENT to  o b t a in  a l e a s t - s q u a r e s  f i t  o f  th e
l a t t i c e  p a ra m e te rs  and o r i e n t a t i o n  a n g le s  f o r  th e  c r y s t a l .  These
18l e a s t - s q u a r e s  v a lu e s  w ere in p u t  to  DIFSET w hich  g e n e ra te d  c o n t r o l
c a rd s  fo r  th e  au tom ated  d a ta  c o l l e c t i o n .
19The two th e ta  (26) scan  te c h n iq u e  was employed w ith  
a sca n  ra n g e , A9, de term in ed  by
A0 = h (ACON + BCON ( ta n  6) ) ,  
w here ACON and BCON a r e  c o n s ta n ts  s e t  a t  1 .80  and 1 .0 0  r e s p e c t iv e ly  
and 6 i s  th e  th e t a  o r i e n t a t i o n  a n g le  f o r  peak i n t e n s i t y  f o r  an 
in d iv id u a l  r e f l e c t i o n .  T h is  r e s u l t e d  in  a scan  ra n g e  o f about 
one and one h a l f  d e g re e s .
In  th e  autom ated d a ta  c o l l e c t i o n ,  th e  fo llo w in g  sequence 
o f e v e n ts  was ex ecu ted  f o r  each  r e f l e c t i o n .  The fo u r  o r i e n t a t i o n  
a n g le s ,  t h e t a ,  p h i ,  c h i ,  and omega, w ere s e t  a u to m a t ic a l ly  by 
th e  m achine. A b a c k la s h  c o r r e c t io n  f o r  th e  g e a r d r iv e s  was made 
f o r  th e  t h e t a ,  p h i ,  and c h i  (omega h e ld  a t  th e  n u l l  v a lu e )  by 
d e c re a s in g  th e  a n g le  p o s i t io n  ( in c r e a s in g  f o r  c h i)  by 0 ,5  d eg rees  
and th e n  r e tu r n in g  to  th e  peak  maximum s e t t i n g .  W ith  th e  an g le  
s e t t i n g s  a t  th e  peak  maximum, te n  a t t e n u a to r s ,  from  maximum to  
z e ro  a t t e n u a t io n ,  w ere p la ce d  in  th e  p a th  o f  th e  d i f f r a c t e d  beam 
and f iv e  second r a d i a t i o n  c o u n ts  were ta k e n  f o r  e a c h  a t t e n u a to r .
I f  th e  number o f  c o u n ts  exceeded 700 c o u n ts  p e r  seco n d , th a t  
a t t e n u a to r  was s e le c te d ,  th e  th e ta  a n g le  was d e c re a se d  by %A 
d e g re e s . A tw en ty  second r a d i a t i o n  co u n t was ta k e n  to  e s t a b l i s h  
th e  s iz e  o f  th e  background b e fo re  th e  scan  and th e  6 - 2 0  scan  
was begun a t  a r a t e  o f  0 .5  d e g re e s  p e r m in u te . When th e  scan  
was com pleted , a second , tw en ty  second background co u n t was
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co n d u cted . Upon co m p le tio n  o f t h i s  c y c le ,  th e  n e x t r e f l e c t i o n  was
s e t  in  p o s i t i o n  f o r  d i f f r a c t i o n  and th e  c y c le  begun anew. In
t h i s  m anner 5179 r e f l e c t i o n s  w ere c o l l e c te d .
Three s ta n d a rd  r e f l e c t i o n s  w ere in s e r te d  in  th e  d a ta
c o l l e c t i o n  e v e ry  97 c o l le c te d  r e f l e c t i o n s  to  a id  in  m o n ito r in g
random o r  s y s te m a tic  f l u c tu a t io n s  i n  th e  m easured i n t e n s i t i e s .
In  t h i s  way any change due to  d eco m p o s itio n , movement o f  th e
c r y s t a l ,  o r  any g e n e ra l  v a r i a t i o n  cou ld  be m o n ito red .
18Program  DIFDAT c a lc u la te d  n e t  i n t e n s i t i e s  and t h e i r  
s tan d a rd  d e v ia t io n s  from  th e  raw  d a ta  by
V e t )  -  ° I  -  ( t ( a o a n ) / ( t B1 + t B2 ) ) ( C Bl + CB2>
and ,
ct ( I )  = (Cx + ( t ( s c a n ) / ( t B1 + t B2 ) ) 2 (Cfil + CB2) ) ^  
where Cx, CBX, and Cg2  a re  th e  t o t a l  c o u n ts , c o u n ts  b e fo re  th e  
scan , and co u n ts  a f t e r  th e  scan  and t ( s c a n ) ,  t BX, and t B2 r e p r e ­
s e n t th e  tim e  fo r  scan n in g  th e  r e f l e c t i o n  and tim e f o r  background 
counts b e fo re  and a f t e r  th e  r e f l e c t i o n  s c a n . L o ren tz  and p o la r ­
i z a t io n  c o r r e c t io n s  w ere a p p lie d  to  th e  n e t  i n t e n s i t i e s  in  th e  
form
L = (1 + co s2 ( 2 0 ) ) /  2 ( s in  ( 2 0 ) ) ,  
and s t r u c tu r e  f a c to r s  (F) and t h e i r  r e s p e c t iv e  e r r o r s  (a (F ) )  
w ere th e n  c a lc u la te d :
F = ( I ( n e t ) / L P) ) ^
and,
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cr(F) = c r(i) /  (2 .0 (L p  * I ( n e t ) ) ^ ) .
The h , k ,  1 , F , and a(F ) In fo rm a tio n  was th e n  punched on c a rd s  fo r  
u se  in  th e  s o lu t io n  o f  th e  s t r u c tu r e .
SOLUTION OF THE STRUCTURE
Of th e  d a ta  c o l l e c te d ,  3928 r e f l e c t i o n s  had i n t e n s i t i e s
g r e a t e r  th a n  2 a ( I ) ,  and th e s e  were used in  th e  c a lc u la t io n  o f  a
19P a t te r s o n  in te r a to m ic  v e c to r  map. From t h i s  m apping, th e
i r id iu m  atom and one phosphorus atom w ere lo c a te d .  A f o u r i e r
d i f f e r e n c e  map (F (o b s e rv e d ) - F (c a lc u la te d ) )  was c a lc u la te d  and
th e  r e s u l t s  produced  a r e s id u a l  f a c to r  (R) o f  0 .2 7 . From t h i s
map, atom s in  th e  pheny l r in g s  a s  w e l l  a s  th e  second phosphorus
atom  w ere lo c a te d .  By a s e r i e s  o f d i f f e r e n c e  maps, whose p h ases
w ere d e r iv e d  from  p re v io u s  m aps, s e v e ra l  o f  th e  ca rb o n  atom s in
th e  pheny l r in g s  w ere p o s i t io n e d .
The pheny l r in g s  o f the  tr ip h e n y lp h o s p h in e  g roups were
th e n  t r e a te d  a s  r i g i d  g ro u p s . T h is method in v o lv e s  d e f in in g  a
f ix e d  model f o r  th e  group ( i . e . ,  a p la n a r ,  s ix  membered r in g )
w i th  an  o r ig i n  and th re e  E u le r ia n  a n g le s  d e f in in g  th e  group
o r i e n t a t i o n  w ith  r e s p e c t  to  th e  c r y s ta l lo g r a p h ic  o r ig i n .  Program  
20RBAN6  was th e n  used to  d e te rm in e  th e  o r i e n t a t i o n  a n g le s  fo r  
e a c h  group . By u s in g  th e  r i g i d  group m ethod, th e  number o f  
v a r i a b l e  p a ra m e te rs  was red u ced  in  th e  f i n a l  a n a ly s is  from  410 
t o  146.
21Once th e  pheny l r in g s  w ere d e f in e d , OKFLSD was used
t o  c a r r y  o u t th e  l e a s t - s q u a r e s  a n a ly s is  em ploying th e  r i g i d  group 
m ethod. Four c y c le s  w ere needed to  d rop  th e  R f a c to r  t o  a v a lu e  
o f  0 .1 3 9 , In  a su b seu q en t f o u r i e r  d i f f e r e n c e  s y n th e s is ,  fo u r  
maxima w ere found t h a t  co rre sp o n d ed  to  th e  ca rb o n y l group and 
one cyano group o f th e  TCM l ig a n d .  In  t h i s  map, i t  was observed  
th a t  th e  ir id iu m  and two phosphorus atom s e x h ib i te d  a n i s o t r o p ic  
th e rm a l m o tion . Two c y c le s  o f  le a s t - s q u a r e s  w ere c a lc u la te d  
based  on th e  p o s i t io n s  o f  th e  i r id iu m , two pho sp h o ru s, s i x  
p h en y l r i n g s ,  th e  c a rb o n y l, and one cyano group o f th e  TCM. 
A n is o tro p ic  m otion  c o r r e c t io n s  w ere made f o r  th e  i r id iu m  and 
phosphorus atom s and th e  d a ta  w ere w eigh ted  by a f a c to r
w = 1 /  ( ct ( F ) ) 2 .
The r e s id u a l  f a c to r  R and w eig h ted  r e s id u a l  f a c to r  w ere 
0 .1 1 3  and 0 .1 2 4 .
By a l t e r n a t e l y  c a lc u la t in g  f o u r i e r  d i f f e r e n c e  maps and 
p e rfo rm in g  l e a s t - s q u a r e s ,  th e  lo c a t io n  o f  th e  rem a in in g  atom s and 
th e  m o le c u la r  c o n f ig u ra t io n  w ere c h a r a c te r iz e d .  However, th e  
i s o t r o p i c  th e rm a l p a ra m ete rs  o f  atom s N3 and C3 were 16 .9 5  and 13.03 
r e s p e c t iv e ly .  These v a lu e s  a re  much l a r g e r  th a n  ex p ec ted  and 
su g g es te d  t h a t  som eth ing  was s t i l l  in c o r r e c t  in  th e  re f in e m e n t 
model even  th ough  R was 0 .086  and R^ was 0 .0 8 4 .
B ecause o f the  su sp e c te d  p re sen c e  o f a s o lv e n t  m o lecu le , 
a d i f f e r e n c e  map was s tu d ie d ,  s e v e r a l  la rg e  peaks w ere lo c a te d  
a b o u t th e  p o in t  ( ^ ,^ ,0 )  in  th e  u n i t  c e l l ,  and a s o lv e n t  m o lecu le ,
benzene, was i d e n t i f i e d .  T hree c y c le s  o f l e a s t - s q u a r e s ,  t r e a t i n g
th e  benzene as  a r i g i d  g ro u p , produced R = 0 .077  and R^ = 0 .0 6 6 .
The nex t s te p  in  th e  re f in e m e n t o f  th e  d a ta  was to
ap p ly  an  a b s o r p t io n  c o r r e c t io n .  An ap p ro x im a te  c o r r e c t io n  was
employed f o r  s e v e ra l  r e a s o n s . The l i n e a r  a b s o rp t io n  c o e f f i c i e n t
(ji) and th e  av erage  r a d iu s  f o r  th e  c r y s t a l  (RmflV) produced
llR = 0 .4 2 ,  which i s  an  in d i c a t io n  th a t  a b s o r p t io n  l u s t  b o rd e rs  ^  max
on s ig n i f i c a n c e .  A nother re a s o n  f o r  th e  ap p rox im ate  c o r r e c t io n  
was th e  f a c t  t h a t  th e  c r y s t a l  was co a ted  w i th  g lu e , w hich made 
in d ex in g  o f  th e  c r y s t a l  fa c e s  im p o ss ib le . The shape o f  th e  
c r y s t a l  was a p p ro x im a te ly  c u b ic , 0.025cm on an  edge, b u t an 
ad eq u a te  e s t im a te  o f  t h i s  shape was a sp h ere  o f ra d iu s  0.0125cm . 
S e v e ra l l e a s t - s q u a r e s  c y c le s  r e s u l t e d  in  R = 0 .079  and = 0 .0 6 4 , 
in d ic a t in g  th e  a b s o r p t io n  to  be o f  m inim al im p o rtan ce .
In  d i f f r a c t i o n  a n a y ls i s  o f  t h i s  ty p e ,  th e  a ssu m p tio n  i s  
made t h a t  th e  en erg y  o f  th e  X- r a y  pho tons i s  much g r e a te r  th a n  
th e  b in d in g  en erg y  o f  th e  e le c t r o n s  in  th e  in d iv id u a l  atomB. 
However, i f  th e  im ping ing  p h o to n s  have a w av e len g th  j u s t  l e s s  
th a n  t h a t  o f  th e  a b s o r p t io n  edge o f  an atom , th e n  t h i s  i s  no 
lo n g e r a v a l i d  a ssu m p tio n . Changes o ccu r i n  th e  s c a t te r e d  i n ­
t e n s i t i e s  in  bo th  phase and m ag n itu d e . T h is  change in  th e
22s c a t t e r i n g  power o f  an  atom i s  c a l le d  anom olous d is p e r s io n .
To c o r r e c t  f o r  t h i s ,  th e  s c a t t e r i n g  f a c to r s  o f  th e  a f f e c te d  atoms 
must be m o d ified  to
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f  = f °  + A f ’ + i  A f 1 
w here f °  i s  th e  ’n o rm a l' s c a t t e r in g  f a c to r  v a lu e ,  A f 1 i s  th e  
r e a l  p a r t  o f  th e  anom olous s c a t t e r i n g ,  and A £ ’ ’ i s  th e  Im ag inary  
p a r t .  Two c y c le s  o f re f in e m e n t w ith  an  anomolous d is p e r s io n  
c o r r e c t io n  f o r  the  ir id iu m  atom w ere c a r r ie d  o u t and th e  a g re e ­
ment f a c to r s  dropped to  R = 0 .069 and = 0 .0 6 2 .
At t h i s  p o in t ,  i t  was ob serv ed  th a t  e ach  s e t  o f  th r e e  
s ta n d a rd s  s y s te m a t ic a l ly  d e c rea se d  i n  i n t e n s i t y  d u r in g  th e  d a ta  
c o l l e c t i o n .  The th r e e  s e t s  were p lo t t e d  on a c h a r t  a s  lo g  o f  
i n t e n s i t y  v e rs u s  tim e and fo r  a l l  th r e e  r e f l e c t i o n s ,  as the tim e  
o f  c o l l e c t i o n  in c re a s e d , a s te a d y  d e c re a se  in  l o g ( I )  was n o te d . 
T h is  d e c l in e  appeared  to  behave as  a f i r s t  o rd e r  d ecay . On 
t h i s  a ssu m p tio n  a c o r r e c t io n  was a p p l ie d  to  th e  i n t e n s i t i e s  in  
th e  form
I ( c o r )  = I o (e k t n )
w here
I ( c o r )  = c o r re c te d  i n t e n s i t y
I q = m easured i n t e n s i t y
k  = decay  c o n s ta n t
t  = tim e p e r  r e f l e c t i o n
n = number o f  th e  r e f l e c t i o n .
The v a lu e  o f  t  was e s tim a te d  to  be 0 .0 8 3  hours p e r  r e f l e c t i o n  and
- 4  -1th e  v a lu e  o f  k , 2 .26  x  10  h r  , was found by ta k in g  an av e rag e  
o f  s e v e ra l  k  v a lu e s  c a lc u la te d  fo r  e ac h  o f th e  th r e e  r e f l e c t i o n s :
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k  = 2 .3  ( lo g  I t  -  lo g  I 2) /  t .
18T h is  c o r r e c t io n  was a p p lie d  in  program  DIFDAT, and an  observed  
r e f l e c t i o n  was e s ta b l i s h e d  a s  one whose n e t  i n t e n s i t y  was g r e a te r  
th a n  th re e  tim e s  i t s  s ta n d a rd  d e v ia t io n .  I n  t h i s  m anner, 2936 d a ta  
p o in ts  w ere e s t a b l i s h e d  as  b e in g  observed  r e f l e c t i o n s .
A f te r  rem oving 357 p ie c e s  o f d a ta  t h a t  were n o t w e l l  r e ­
c o rd e d , th e  com plete  model was le a s t - s q u a r e s  f o r  fo u r  c y c le s  and 
r e s u l t e d  in  R = 0 .0 5 8  and R ,^ = 0 .0 6 2 . A no ther d i f f e r e n c e  map 
was ru n  w ith  a l l  th e  atoms p o s i t io n e d  e x c e p t th e  C3 and N3 atom s. 
The map d is p la y e d  fo u r  maxima i n  th e  r e g io n  w here th e  cyano 
group C3-N3 was lo c a te d .  Two new r i g i d  g ro u p s were d e f in e d , 
e ac h  r e p r e s e n t in g  one h a l f  o f  th e  cyano group  CN3. The o r ig in  
o f  th e  f i r s t  r i g i d  cyano group  was p laced  on th e  group carb o n  
and t h a t  o f  th e  second  was on th e  group n i t r o g e n .  T h is was done 
as  a p re c a u t io n a ry  m easure . I f  in  th e  l e a s t - s q u a r e s  re f in e m e n t 
th e  two cyano g ro u p s  t r i e d  to  converge to  th e  same lo c a t io n ,  th e  
l e a s t - s q u a r e s  m a tr ix  would become s in g u la r .  U sing t h i s  model and 
e l im in a t in g  136 re d u n d an t p ie c e s  o f  d a ta  le a v in g  2386 r e f l e c t i o n s ,  
f o u r  c y c le s  o f  OKFLSD were computed r e s u l t i n g  in  convergence to  
f ix e d  lo c a t io n s  w ith  f i n a l  agreem ent f a c to r s  R = 0 .0 5 3 , R^ = 0 .0 5 1 ,
and ERF -  4 .3 5 8  w here EEF = S  w (F - F ) 2/(2 3 8 6  -  113 ).o c
The s o lu t io n  o f th e  s t r u c tu r e  up t o  t h i s  p o in t had been 
c o n s tr a in e d  to  th e  cen tro sy m m etric  space g ro u p , P I .  However, 
th e r e  i s  a n o th e r  space  group w hich i s  a l s o  c o n s i s te n t  w ith  th e
a b se n c es  re c o rd ed  In  th e  f i lm  w ork. T his i s  th e  non cen tro sy m m etric  
space g ro u p , P I .  T h e re fo re , a second m olecu le  in  th e  u n i t  c e l l  
was g e n e ra te d  by th e  in v e r s io n  o p e ra t io n  and th e n  each  a tom ic  
and r i g i d  group p o s i t i o n  was moved s l i g h t l y  ( i n  a random m anner) 
from  t h a t  lo c a t io n  to  p re v e n t a s in g u la r  m a tr ix  from  fo rm ing  in  
th e  l e a s t - s q u a r e s  p ro c e s s . The av erag e  p o s i t io n  o f  th e  two h a l f  
CN3 g ro u p s was used as  th e  in p u t  f o r  CN3 in  t h i s  re f in e m e n t.  Four 
c y c le s  w ere ru n  and th e  r e s id u a l  f a c to r s  became R = 0 .0 5 5  and
Rw = 0 .0 4 7  w ith  ERF = 4 .0 5 6 , w here ERF = £  w(Fq -  Fc ) /(2 3 8 6  -  145).
23The H am ilton  R - f a c to r  r a t i o  t e s t  was used to  t e s t  w hich o f  the  
m odels f i t  th e  d a ta  b e t t e r .  The r e s u l t s  showed th e  noncentrosym - 
m e tr ic  case  i s  p ro b a b ly  th e  c o r r e c t  s t r u c tu r e  99.5% o f  th e  tim e . 
However, in  th e  n o n cen tro sy m m etric  model convergence ( s h i f t / e r r o r  
< 1 .0 )  o f  th e  a to m ic  p o s i t io n s  cou ld  n o t be a c h ie v e d . F u r th e r ,  
th e  bond le n g th s  and a n g le s  f o r  th e  two in d ep en d en t m odels made 
no ch em ica l s e n se . Because o f  p h y s ic a l  and n o t s t a t i s t i c a l  
r e s u l t s ,  the  cen tro sy m m etr ic  model was chosen  as  th e  b e t t e r  o f  
th e  two m odels.
At t h i s  p o in t  i n  th e  p rob lem , i t  was n o t de term in ed  
w h e th e r th e  CN3 group o f  th e  TCM p a r t  o f  th e  m o lecu le  was d i s ­
o rd e re d  o r  d is p la y in g  ab n o rm ally  la r g e  th e rm a l m o tio n . In  o rd e r  
to  r e s o lv e  t h i s  q u e s t io n ,  a l e a s t - s q u a r e s  c a lc u la t io n  was p e r ­
form ed w ith  a n i s o t r o p ic  m o tion  f o r  each  atom  o f  th e  TCM gro u p .
F o r th e  CN3 cyano g ro u p , an av e rag e  o f  th e  'd i s o r d e r e d ' p o s i t io n s
was used  to  d e f in e  th e  carbon  and n i t r o g e n  p o s i t io n s .  The r e s id u a l
f a c t o r s ,  a f t e r  th r e e  c y c le s ,  d ropped to  R = 0 .052 and = 0 .050
w ith  th e  ERF = 4 .3 1 7 , where ERF = E w(F q -  Fc ) 2 /(2 3 8 6  -  1 4 3 ). By
23u s in g  th e  H am ilton  t e s t ,  i t  was concluded th a t  e i t h e r  model 
would e q u a l ly  f i t  th e  d a ta .  F ig u re  5 shows an  end on th e  view  
o f th e s e  two m odels w ith  o n ly  th e  ir id iu m , phosphorus, th e  c e n t r a l  
c a rb o n  o f  th e  TCM, and th e  two te rm in a l cyano groups o f  th e  TCM.
T h is  d iag ram  c l e a r l y  i l l u s t r a t e s  how th e  two m odels each  acco u n t 
f o r  th e  e l e c t r o n  d e n s i ty  in  th e  re g io n  o f t h i s  unique cyano 
g ro u p . S in ce  e i t h e r  model a p p e a rs  to  acco u n t f o r  th e  d a ta  
e q u a l ly  w e l l ,  th e  r e s u l t s  f o r  b o th  m odels w i l l  be p re s e n te d .
The a to m ic  p o s i t io n s  fo r  b o th  th e  d is o rd e re d  and i s o t r o p i c  
m odels a re  in  T ab le  V II I .  E u le r ia n  a n g le s  and p o s i t io n a l  p a ra ­
m e te rs  f o r  th e  r i g i d  g roups a re  p re se n te d  i n  T able  IX. The ob­
se rv ed  and c a lc u la te d  s t r u c t u r e  f a c to r s  a r e  found i n  T ab le  X.
Bond le n g th s  and a n g le s  a re  ta b u la te d  in  T ab le  XI and le a s t - s q u a r e s  
p la n e s  in  T ab le  X II.
TABLE V III.
Atomic C o o rd in a te s  and Therm al P a ram eters  For 
[lr(TCM )(CO )(PPh3) 2 ] ' k CgHg
TABLE V III .
(a )  Atomic C oord ina tes  For The D iso rdered  Model o f [ir(TCM )(CO )(PPh_)„]»£ £ b o
Atom x  (104  a ) y (1 0 4  <j) z (104  a ) B (10 a)
I r 0 .3274 (1) 0.1618 ( 1 ) 0.2501 (1) *
PI 0.2179 (5) 0.2299 (4) 0.3265 (3) *
P2 0.4186 (5) 0.0948 (4) 0.1597 (3) *
Ml 0.1828 (15) 0.0010 (14) 0 .2301 ( 8) 5.7 (3)
N2 0.0042 (16) -0 .3252  (15) 0 .0688 ( 11 ) 8 .0  (4)
Cl 0.1018 (18) -0 .0961  (18) 0.2158 (10) 4 .7  (4)
C2 0.0083 (16) -0 .2 7 2 1  (16) 0.1249 (12) 5 .5  (4)
C4 0 . 0 1 1 0  (16) -0 .2117  (15) 0 .1904 (10) 4 .7  (4)
C arbonyl 0.4491 (20) 0.3023 (16) 0.2622 (13) 5 .2  (4)
CO 0.4491 0.3023 0.2622 4 .0  ( 6)

















x (104 a) y (104 a)
A * *
-0 .0981  (40)
-0 .0981
-0 .1863
-0 .1 1 6 1  (38) 
- 0.0560  
-0 .1161






-0 .2 5 1 5  (34)
-0 .2 5 1 5
-0 .3003









z (104 a) B (10 ct)
0.2256 ( 22 ) 2 . 2 (7)
0.2256 4 .0 (9)
0.2558 4 .1 (7)
0.2916 ( 22 ) 4 .4 ( 8)
0.2470 2 . 8 (9)
0.2916 4 .8 (9)
0.2371 ( 6) 3 .4 ( 2 )
0.2778 3 .2 (5)
0.3207 2 .9 (5)
0.2800 5 .1 ( 6)
0.1964 6 . 1 ( 6)









H8 0 .1410 0.5859
H9 0.1291 0.4161
H10 0.1585 0.2633
Phenyl Ring B** 0.3636 ( 8) 0.3337 (5)





z (104 a) B (10 ct)
0.1942 3 .3 (5 )
0.3807 6 . 0
0.3108 6 . 0
0.1672 6 . 0
0.0935 6 . 0
0 .1634 6 . 0
0.5086 (5) 2 .5 ( 2 )
0 .4298 CO*CM (4)
0.4553 4 .0 (4)
0.5342 4 .9 (5)
0.5875 3 .7 (4)





x (104 ct) y (104 ct)


































-0 .0 5 1 5  
-0 .0457  
-0 .0 4 5 6
z (104 cr) B (10 ct)
0.4831 4 .6 (5)
0.4171 6 . 0
0.5525 6 . 0
0.6441 6 . 0
0.6002 6 . 0
0.4647 6 . 0
0.3489 (4) 2 . 6 ( 2 )
0.3382 2 .5 (4)
0.3848 3 .6 (4)
0.3956 4 .3 (4)
0.3596 4 .8 (5)





















-0 .1 0 7 0
0.0497
0.1966
(18) 0 .0186  (7)
0.0509 
-0 .0 6 0 9  
-0 .0 9 3 2  












z (104 a) B (10 ct)
0.3022 3 .7 (4 )
0 .4106 6 . 0
0.4290 6 . 0
0.3673 6 . 0
0.2872 6 . 0
0.2687 6 . 0
-0 .0051  (5) 2 . 6 ( 2 )
0 .0653 0 .4 (3)
0 .0248 3 .2 (4 )
-0 .0 4 5 6 4 .2 (4)





x (104 o) y  (104 ci)



























-0 .1 1 8 0
-0 .1 7 3 4








z (104 a) B (10 ct)
■0.0350 5 .5 (5)
0 .0354 5 .0 (4)
0.0462 6 . 0
•0.0747 6 . 0
■0.1260 6 . 0
■0.0564 6 . 0
0.0645 6 . 0
0.1211 (5 ) 2 . 0 ( 2 )
0 .1359 2 . 8 (4)
0 .0592 3 .4 (4)
0 .0444 4 .3 (4)






Atom x (10 cr) y  (10 a)
Phenyl Ring E**
C33 0 .7965 0.3370





H34 0 .6744 0.2251
Phenyl Ring F** 0.4867 -0 .1 1 9 5
C35 0.4610 -0 .0 2 3 5
C36 0.4220 -0 .0808
C37 0.4477 -0 .1767
C38 0 .5124  -0 .2 1 5 5








5 .0  (5) 











2.6  (2) 
1 .3  (4 ) 
2 .8  (4)
5 .2  (5 )





x <104 a) y (104 ct)




























-0 .2 1 7 8

















-0 .0 6 8 6
-0 .0 7 5 5
-0 .0069
0.0686
5 .4  (5)

























H46 0.7301 0 .5984
z CIO4 a) B (10 a)
0.0755
0.0069


















(b) Atomic C o o rd in a te s  For th e  A n is o tro p ic  Model o f  [ir(TCM) (CO) ( P P h ^ ^ l  *
Atom x ( 104  o) y ( 104  a) z ( 104  a ) B (1C
I r 0 .3274  (1 ) 0.1619 (1) 0 . 2 5 0 1  ( 1) *
PI 0.2179 (5) 0 .2299 (5) 0 .3266  (3) *
P2 0.4187 (5) 0.0951 (4) 0.1596 (3) *
N1 0.1810 ( 2 0 ) 0 .0002 (17) 0.2300 ( 8) *
N2 0.0036 (18) -0 .3 2 4 1  (17) 0 .0708  (13) *
N3 -0 .1 5 9 8  (39) -0 .3 1 8 8  (28) 0.2716 (19) *
Cl 0 .0994 (25) -0 .1 0 3 0  (24) 0.2136 (11) *
C2 0.0097 (21) -0 .2 7 0 0  ( 2 1 ) 0.1283 (16) *
C3 -0 .0 8 4 8  (33) -0 .2 7 1 4  (25) 0 .2366 (17) *


















(20) 0 .3033 (17)
0.3033 
0.3983
( 8 ) 0 .4331 ( 8)




















z (104 a) B (10 a)
0.2620 (14) 5 .2 (4)
0.2620 4 .1 (7)
0.2698 4 .0 (4)
0 .2374 ( 6 ) 3 .6 ( 2)
0 .2784 2 .3 (5)
0.3210 3 .2 (5)
0.2800 5.7 ( 6)
0 .1964 5.9 ( 6)
0.1537 3 .0 (5)
0.1947 3 .7 (5)
0.3810 6 . 0










Phenyl Ring B** 0 .
C ll  0.
C12 0 .






























z (104 o) B (10 o)
0 .1 6 7 0 6 . 0
0.0937 6 . 0
0.1641 6 . 0
0 .5084  (5) 2 .4 ( 2 )
0 .4295 2 .3 (4)
0.4550 3 .6 (4)
0.5339 4 .7 (5)
0.5873 4 .1 (5)
0 .5618 5.3 (5)
0 .4830 4 .7 (5)
0.4167 6 . 0








HI6 0 .1434 0.2996
Phenyl Ring C** -0 .0 6 1 8  ( 8 ) 0.0399 (7 )
C17 0 .0575 0 .1255
C18 0.0520 0.0342
C19 -0 .0 6 7 2  -0 .0513
C20 -0 .1 8 1 0  -0 .0456
C21 -0 .1 7 5 6  0.0456
C22 -0 .0 5 6 3  0.1312
HI8*** 0.1337 0.0301
HI 9 -0 .0711  -0 .1 1 6 8
















2 .5  (2)
2 .3  (4)
3 .3  (4 )
4 .0  (4)
4 .8  (5)
5 .6  (5)







x ( 10^ ct) y  ( 10^ ct)






























-0 .0607  
-0 .0 9 3 4  
-0 .0 1 4 0  
0.0981 
0.1308 
-0 .1176  
-0 .1739




-0 .0 0 5 2  (5)
0.0651 
0.0247 
-0 .0456  
-0 .0756  







2 .5  (2 ) 
1 .2  (3)
2 .8  (4)
4 .0  (4)
3 .9  (4) 
4 .7  (5)







x (104 a) y (104 ct)





































(104 a) B (10 ct)
-0 .1261 6 .0
-0 .0567 6 .0
0.0641 6 .0
0 .1 2 1 1  ( 5) 1 . 8  ( 2 )
0 .1359 2 .4  (4 )
0.0592 3 .3  (4)
0 .0444 4 .5  (4)
0 .1064 5 . 8  (5)
0.1831 5 .4  (5)
0 .1978 4 .0  (4)
0.0147 6 .0





Atom x  (10^ a ) y  (10^ ct)




Phenyl Ring F** 0.4866 (7) '- 0 .1 1 9 8  (7)
C35 0.4602 -0 .0243
C36 0.4217 -0 .0809
C37 0.4481 -0 .1 7 6 4
C38 0.5130 -0 .2153
C39 0.5516 -0 .1587
C40 0.5252 -0 .0632
H36*** 0.3751 -0 .0530
H37 0.4204 -0 .2 1 7 0




0.2066 (5) 2 .7 ( 2)
0.1866
00•H (4 )
0.2538 3 .1 (5)
0.2738
00• ( 6)
0 .2266 4 .7 (5 )
0.1594 4 .8 (5)







x (104 ct) y CIO4




























































Atom x < 1 0 4  ct) y  ( 1 0 4  a) z ( 104  a) B (10 cr)
Benzene
H42 0.3636 0.4294 -0 .1297 6 . 0
H43 0 . 2 7 0 1 0.4011 -0 .0119 6 . 0
H44 0.4065 0.4717 0.1179 6 . 0
H45 0.6364 0.5706 0.1297 6 . 0
H46 0.7299 0.5989 0.0119 6 . 0
^ A n iso tro p ic  th e rm a l p a ram ete rs  c a lc u la te d  fo r  
g iv en  in  p a r e n th e s is .  T h is th e rm a l c o r r e c t io n
th e s e  atoms w ith  t h e i r  
ta k e s  th e  form ,
s tan d a rd  d e v ia t io n
exp ( - ( h 2P l l  + k\ 2 + i 2 P33  + 2 (hkp12 + hjfcU13+ u p 23) ) ) •
Atom 1 0 5 h i 1 05 fs22 1°  P33 1 0 5 P l2 1 0 5 P13 io  p23
I r 877 (9) 944 (9) 261 (3 ) 341 ( 6 ) 90 (3) -9  (3)
PI 1248 (74) 900 (59) 280 ( 2 2 ) 341 (53) 152 (32) -58  (27)





(A n is tro p ic  Model)
Atom 105 h i 105 *22 105 P33 105 *12 105 *13 io 5 b23
I r 875 (9) 937 (9) 261 (3) 336 ( 6 ) 89 (3 ) -1 2 (3 )
PI 1230 (73) 879 (60) 273 ( 2 2 ) 351 (53) 152 (31) -55 (27)
P2 849 (62) 874 (59) 338 (23) 244 (49) 89 (30) 76 (27)
N1 2840 (344) 1538 (235) 257 (65) 1525 (253) 287 (116) -24 (103)
M2 1753 (257) 1094 (237) 758 ( 120 ) 230 (194) 138 (149) 304 (125)
M3 6204 (850) 3437 (471) 1711 (249) -2820 (513) 3027 (422) -1573 (263)
Cl 2189 (382) 1136 (269) 275 (90) 966 (29) 288 (146) 179 (136)
C2 2074 (326) 931 (285) 459 (129) 744 (242) 27 (171) -69 (154)
C3 2886 (555) 2196 (412) 790 (153) -1095 (367) 1074 (251) -505 (183)
C4 1328 (280) 353 (226) 505 ( 111 ) 77 (209) -7 2  (209) -285 (132)
**The o r ig in  o f  th e  phenyl r in g s  was p laced  a t  th e  c e n te r  and in  th e  p lan e  o f th e  r in g s .  
The tem p e ra tu re  f a c to r s  (B) re p o r te d  a re  the  o v e r a l l  B o f  th e  r in g  and th e  in d iv id u a l ly  
v a r r ie d  a tom ic  B. The a c tu a l  B f o r  each  atom o f th e  r in g  i s  th e  sum o f  th e se  two v a lu e s .
***The p o s i t io n  o f  th e  hydrogen atoms was c a lc u la te d  u s in g  1 .00  X as  th e  carbon to  
hydrogen bond d is ta n c e .
TABLE EC.
E u le r ia n  R o ta tio n  A ngles F o r The R ig id  Groups I n  
[lr(TCM )(CO )(PPh3) 2 ] • h C6 H6
TABLE IX
E u le r i a n  R o ta t io n  A ngles (D eg rees) F o r th e  R ig id  G roups In  
The M o lecu le , [lr(TC M )(C O )(PPh3) 2 3-% CgHg.
Group P h i (10 a ) T h e ta  (IO ct) Rho (10 a)
J is o r d e r e d  Model . . ■ •
P h e n y l A 2 9 .1 (9 ) 6 0 .9 (4 ) 8 8 .3 (9)
P h en y l B -9 0 .3 (4 ) - 1 1 . 0 (4 ) -1 0 6 .1 (4 )
P h en y l C -1 2 8 .9 (5 ) 3 4 .8 (4 ) - 9 .0 (5 )
P h e n y l D -1 5 4 .0 (4 ) - 4 .2 (4 ) 57 .6 (4 )
P h en y l E 83 .6 (13) -7 3 .2 (4 ) 37.7 (13)
P h e n y l F 105 .8 (7 ) 5 2 .2 (4 ) -1 5 7 .7 (7)
C arb o n y l 103 .8 7 9 .3 (23) 143 .0 (15 )
Cyano 83 9 6 .2 11 9 .0 (30) 11 6 .2 (27)
Cyano 93 174 .4 134 .1 (33) -1 1 2 .9 (34)
Benzene -6 0 .5 ( 8 ) -1 4 5 .3 (7 ) 94 .0 ( 8 )
A n is o tro p ic  Model . *  •  •
Phfenyl A 2 8 .6 ( 1 0 ) 6 0 .6 (4 ) 8 8 . 8 (9 )
P h en y l B -9 0 .5 (4 ) - 1 1 .1 (4 ) -1 0 6 .1 (4 )
P h e n y l C -1 2 9 .0 (5 ) 3 4 .8 (4 ) - 8 .9 (5 )
P h en y l D -1 5 4 .0 (4 ) - 4 .1 (4 ) 5 7 .4 (4 )
P h en y l E 82 .9 (13 ) -7 3 .1 (4 ) 3 7 .3 (13 )
P h e n y l F 105 .5 (7 ) 52 .1 (4 ) -1 5 7 .1 (7 )
C arb o n y l 103 .8 7 9 .0 (23) 143 .7 (15)
B enzene -6 0 .3 ( 8 ) -1 4 5 .3 (7 ) 94 .2 ( 8 )
TABLE X.
The Observed And C a lc u la te d  S tr u c tu re  F a c to rs  F o r 
[lr(T C M )(C 0)(FPh3) 2 ] -  k C6H6
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TABLE XI
Bond L eng ths And A ngles Found For The D iso rd e red  And 
A n is t ro p ic  M odels o f [Ir(TCM ) (CO) (P P h ^ j! )  * h c gHg
TABLE XX.
Bond L eng ths (A ngstrom s) and Bond A ngles (D eg rees) F o r th e  
Compound, [ir(TCM)(CO)(PPh^)^] • % C5H5 *
(a )  Bond D iso rd e red  Model A n is o tro p ic  Model
I r - P l 2 .332 (7 ) 2 .3 3 3 (7)
I r - P 2 2 .328 ( 6 ) 2 .3 2 8 ( 6 )
I r - N l 1 .985 (13) 2 .0 0 0 (17)
Ir-CO 1.716 (16) 1 .731 (17)
C0-01 1 .160 * 1 .160 *
N l-C l 1 .173 ( 2 2 ) 1 .232 (29)
N2-C2 1 .134 (28) 1 .152 (36)
N3-C3 1.160 * 1 .1 0 2 (50)
1 .1 6 0 *
C1-C4 1 .393 (23) 1 .354 (30)
C2-C4 1 .321 (28) 1 .262 (37)
C3-C4 1.392 (48) 1 .3 8 8 (39)
1 .448 (41)
P1-C5 1 .803 ( 1 2 ) 1 .803 (13)
P l - C l l 1 .828 (9) 1 .821 (9)
P1-C17 1 .8 1 8 (9) 1 .817 (9)
P2-C23 1.821 (9) 1 .821 (9)
P2-C29 1 .844 (9) 1 .841 (9)
P2-C35 1 .799 ( 12 ) 1 .8 0 5 ( 1 2 )
*Held C o n sta n t D uring R efinem en t.
ZABLE XI.
(Continued)
(b) A ngle D iso rd e red  Model A n is o tro p ic  Model
P l - I r - P 2 172 .7  (4) 172.7  ( 2J
P l-Ir-C O 8 8 . 6  (9) 8 8 .9  (9)
P l - I r - N l 9 2 .0  ( 6 ) 91 .7  (7)
P 2 -Ir-C 0 9 2 .9  (5) 9 2 .5  (9)
P 2 - I r -N l 8 6 .1  (5) 8 6 .5  (7)
C O -Ir-N l 1 7 6 .8  (9) 176 .6  (9)
Ir-C O -01 179 .0  (26) 1 79 .2  (27)
I r -N l-C l 175 .9  (19) 1 73 .0  (23)
C4-C1-N1 1 7 3 .3  (21) 1 7 6 .3  (22)
C4-C2-N2 1 79 .0  (18) 176 .0  (25)
C4-C3-N3 1 6 9 .6  (51) 1 7 8 .2  (28)
174 .6  (51) —
C1-C4-C2 1 2 3 .6  (17) 11 9 .6  (22)
C1-C4-C3 115 .6  (23) 12 1 .1  (23)
120 .6  (19) —
C2-C4-C3 1 1 8 .8  (19) 119 .3  (20)
1 1 2 .2  ( 2 1 ) —
C3-C4-C3' 3 4 .5  (28) - -
TABLE X II.
L e a s t-S q u a re s  P la n e s  D eterm ined For 
[lr(TCM )(CO )(PFh3) 2 ] • h C&H6
TABLE X II.
L e a s t- s q u a re s  p la n e s ;  the  a n g le  ( I n  d e g re e s )  be tw een  t h e i r  
norm als and th e  p e rp e n d ic u la r  d is ta n c e  o f  s e le c te d  atom s from th e s e  
p la n e s . The e q u a tio n  I s  o f  the  fo rm , Ax + By + Cz = D, where x , 
y  and z a r e  ex p ressed  i n  f r a c t i o n a l  c o o rd in a te s .
P la n e  A B C D
(a )  D iso rd e red  Model . . . .
( 1 ) Ir -P l-C O -5 .4 5 7 5 .8 5 4 -1 3 .0 4 8 -4 .1 0 3
( 2 ) I r - P l - N l -5 .1 9 9 6 .3 0 4 -1 3 .0 7 9 -3 .9 5 4
(3) Ir-P 2-C O -6 .5 7 3 6 .6 9 6 -1 1 .5 9 6 -3 .9 6 9
(4) I r -P 2 -N l -6 .3 1 0 7 .1 2 4 -1 1 .6 4 8 -3 .8 2 7
(5) C1-C2-C4-C83 -7 .5 7 5 8 .671 -9 .0 2 1 -3 .5 7 4
( 6 ) C1-C2-C4-C93 -9 .9 9 0 7 .8 9 9 -5 .0 4 6 -2 .8 2 9
(7) C1-C2-C83 -7 .2 3 2 8.707 -9 .4 3 0 -3 .6 0 7
( 8) C1-C2-C93 -1 0 .2 5 4 7 .7 2 6 -4 .4 1 5 . -2 .7 3 9
(9 ) Ir-P l-P 2 -C O -N l -5 .7 9 4 6 .7 4 4 -1 2 .3 5 2 -3 .8 8 6
( 10 ) P1-P2-CO-N1 -5 .9 6 6 6 .3 9 4 -1 2 .3 5 9 -2 .8 7 2
(b ) A n is o tro p ic  Model *  •  •  •
( U ) Ir -P l-C O -5 .4 5 8 5 .8 4 3 -1 3 .0 5 1 -4 .1 0 6
( 12 ) I r - P l - N l -5 .1 9 9 6 .2 9 4 -1 3 .0 8 3 -3 .9 5 6
(13) Ir -P 2 -C 0 -6 .6 0 1 6 .7 0 3 -1 1 .5 6 2 -3 .9 6 8
(14) I r -P 2 -N l -6 .3 3 6 7 .1 3 9 -1 1 .6 1 4 -3 .8 2 4
(15) C1-C2-C3-C4 -8 .6 5 7 8 .5 0 5 -7 .4 8 2 -3 .3 3 1
(16) C1-C2-C3 -8 .6 7 0 8 .4 9 9 -7 .4 6 4 -3 .3 3 5
(17) I r -P l-P 2 -C 0 -N l -5 .7 9 4 6 .7 3 8 -1 2 .3 5 6 -3 .8 8 8
(18) P1-P2-C0-N1 -5 .9 5 4 6 .4 3 8 -1 2 .3 5 1 -3 .8 5 4
Table XXI.
(C ontinued)
D e v ia tio n s  o f S e le c ted  Atoms From P lan es  (D is ta n ce s  in  8 )
i t  ora (5) ( 6 ) (7) ( 8 ) ( 10 ) (15) (16]
I r -0 .1 3 8
Cl 0 .024 -0 .0 3 6 -0 .0 0 7
C2 0 .025 -0 .0 3 4 -0 .0 0 7
C3 - 0 .0 1 1
C83 0 .1 0 2
C93 -0 .1 3 0
C4 -0 .0 6 2 0.086 - 0 .1 1 1 0.150 0.017 0 .025
N1 0.123 -0 .1 5 0 0 .124 -0 .1 4 4 0 .038 0 .044
N2 0 .1 0 1 -0 .1 3 0 0.096 - 0 .1 2 1 - 0 .0 0 1 0.006
N3 - 0 ,0 2 0 -0 .0 0 8
N83 0 .075 -0 .0 7 2
N93 - 0 .2 0 1 -0 .1 6 8
(18)
-0 .1 4 2
111
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TABLE X l t .
(C o n tin u ed )
D ih e d ra l A n g le s ; A ngles Between P la n e s  ( I n  D e g ree s ) .
P lan e  Angle P la n e  Angle
(1 ,4 )  7 .6  (1 1 ,1 4 )  7 .8
( 2 ,3 )  7 .9  (1 2 ,1 3 )  8 .1
(5 .9 )  1 4 .9  (1 5 ,1 7 )  20 .6
(6 .9 )  3 0 .3
DISCUSSION
C o o rd in a tio n  ab o u t I r ; C o n s id e rin g  th e  m o le c u la r  p la n e  con­
t a i n i n g  th e  P1-P2-N1-C0 a tom s, th e  I r  atom  l i e s  -0 .1 3 8  and -0 .1 4 2  8  
o u t o f  t h i s  p la n e  f o r  th e  d is o rd e re d  model (DISM) and a n i s o t r o p ic  
model (ANIM) r e s p e c t i v e l y .  The g e n e r a l  c o o rd in a t io n  ab o u t th e  I r  
i s  p la n a r  and can be seen  in  F ig u re  4 . The tr ip h e n y lp h o s p h in e  
g ro u p s a re  t r a n s  t o  each  o th e r  and l i e  2 .3 3 2  (7 ) and 2 .3 2 8  ( 6 ) 8  
from  th e  I r  atom  i n  DISM. In  th e  ANIM s t r u c tu r e  th e y  a re  q u i te  
com parable a t  2 .3 3 3  (7 )  and 2 .3 2 8  ( 6 ) 8 . W ith in  e x p e r im e n ta l
e r r o r ,  th e s e  le n g th s  a re  th e  same a s  th o s e  r e p o r te d  f o r  s im i la r
24-31t r a n s  s t r u c t u r e s  i f  i r id iu m . The Ir-C O  d is ta n c e  i s  1 .7 1 6  (16)
f o r  DISM and 1 .7 3 1  (17 ) 8  f o r  ANIM. These bonds a re  among th e  
s h o r t e s t  r e p o r te d  f o r  i r id iu m  c a rb o n y ls  w hich  ran g e  from  1 . 7 0  t o  
1 .9 6  3 ^ 2 4 ,2 6 ,3 0  33 bond t r a n s  t o  th e  c a rb o n y l i s  1 .9 8 5
(13 ) i n  DISM and 2 .0 0 0  (17) in  ANIM. E m p ir ic a l ly  I r ,  Ru, and Os 
a re  s im i l a r  in  t h e i r  bonding  p r o p e r t i e s ,  b u t o n ly  two s t r u c tu r e s  
have b e en  B tud ied  by X -ray  d i f f r a c t i o n  w h ich  c o n ta in  sp h y b r id iz e d  
n i t r o g e n s  bound to  th e  m e ta l . The f i r s t  com plex i s
[ I r ( h 2 -  TCNE) (h 1 -  TCNE) (CO) (P P h ^  2 ] 34  
w here TCNE i s  te t r a c y a n o e th y le n e  and PPh^ i s  t r ip h e n y lp h o s p h in e .
T h is  com plex c o n ta in s  two TCNE groups bonded in  two s e p a ra te  w ay s:
FIGURE 4.
The M o lecu la r C o n f ig u ra tio n  Of 
[Ir(TCM ) (CO)<PPh3) 2 ]* h C6Hg

2 1 The h  -TCNE i s  bound v ia  two M-C bonds and th e  h -TCNE i s  bound by
a k e te n e im in a to  (M-N) bond a t  a d is ta n c e  o f 2 .0 2 4  ( 8 ) 8 , c o n s id e re d
by th e  a u th o rs  o f th e  s t r u c t u r a l  r e p o r t  to  be a s in g le  M-N bond.
q e
The o n ly  o th e r  s t r u c t u r e  re p o r te d  i s  [Ru(NH^)^NgRuCNH^)
3
The c a t io n  n o t o n ly  c o n ta in s  sp h y b r id iz e d  n i t r o g e n s  b u t a l s o  an 
sp h y b r id iz e d  d in i t r o g e n  l i n e a r l y  b r id g in g  th e  m e ta ls  w ith  e q u a l 
Ru-N d is ta n c e s  o f 1 .9 2 8  ( 6 ) I t  should  be n o ted  th a t  in  th e
d in i t r o g e n  l ig a n d , th e  N-N bond le n g th  i s  1 .124  (15) X w hich ,
o36though  n o t s i g n i f i c a n t l y  lo n g e r  th a n  th e  N-N bond o f  1.097 (2 ) A 
found in  th e  f r e e  d in l t r o g e n  m o le c u le , s t i l l  s u g g e s ts  t h a t  th e r e  
may be some d o n a tio n  o f  e le c t r o n s  from  th e  m e ta l o r b i t a l s  in to
th e  ti* system  o f  th e  d in i t r o g e n  l ig a n d  and a Ru-N bond o f  o rd e r
g r e a te r  th a n  1 .0 . Based on th e  r e s u l t s  o f th e s e  two s t r u c t u r a l  
s tu d ie s ,  i t  i s  concluded  t h a t  th e  m e ta l - n i t r o g e n  bond o rd e r  In  
th e  p re s e n t  s t r u c tu r e  i s  v e ry  n e a r ly  1 . 0 .
A d d it io n a l  e v id e n c e  fo r  th e  I r -N  bond o rd e r  o f  1 .0  in
th e  p re s e n t  compound l i e s  in  th e  f a c t  t h a t  th e  mean p la n e  o f  th e
TCM m o lecu le  i s  t i l t e d  w i th  r e s p e c t  to  th e  mean m o le c u la r  p la n e  
by an  a v e rag e  o f  2 2 .6  and 2 0 . 6°  in  th e  two r e s p e c t iv e  m odels 
(T ab le  X I I ) .  T h is  d e v ia t io n  from  c o - p la n a r i ty  d e c re a se s  th e  ex ­
t e n t  o f  o v e r la p  o f th e  TCM m o le c u la r  n* o r b i t a l s  w i th  th e  d 
o r b i t a l s  o f  th e  m e ta l and th e r e f o r e  d im in ish e s  th e  e f f e c t i v e  back 
d o n a tio n  o f  e le c t r o n s  from  th e  m e ta l to  th e  TCM a n tib o n d in g  system .
Bonding in  t r ip h e n y lp h o s p h in e : The le n g th s  of th e  P-C
bonds in  th e  tr ip h e n y lp h o s p h in e  l ig a n d s  ran g e  from  1.799 (1 2 ) to
1 .844  (9 ) X (a v e rag e  o f  1 .819 (10) X) f o r  DISM and 1 .803 (13) to
1 .841 (9 ) S (a v e rag e  o f  1 .8 1 8  (10) 8 ) f o r  AN3M. Even though  th e
in d iv id u a l  v a lu e s  a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th e
av erag e  v a lu e  o f  1 .828  (5 ) X r e p o r te d  f o r  th e  tr ip h e n y lp h o s p h in e  
37
m o lecu le , th e r e  a p p e a rs  to  be m a rg in a l s i g n i f i c a n c e  in  th e  
h ig h e s t  and lo w est v a lu e s  r e p o r te d .  The re a so n  f o r  t h i s  d i f f e r e n c e  
i s  p o s tu la te d  to  be due t o  p ack in g  o f  th e  m o le c u le s  in  th e  s o l id  
s t a t e  r a t h e r  th a n  any  s i g n i f i c a n t  e l e c t r o n i c  d i s t o r t i o n .  S ince 
th e  phen y l g roups w ere t r e a t e d  a s  r i g i d  hexagons th ro u g h o u t r e ­
f in e m e n t, th e  C-C bond le n g th  was h e ld  in v a r i a n t  a t  a v a lu e  o f  
1 .3 9 *  I 3 8 ' 40
Bonding in  TCM: F ig u re  6 i s  a summary o f bond le n g th s
and a n g le s  found f o r  th e  d is o rd e re d  and i s o t r o p i c  m odels o f  th e  
TCM g ro u p . D isc u s s io n  o f  th e  bond le n g th s  in  t h i s  s t r u c tu r e  m ust 
be app roached  w ith  c a u t io n  b ecause  o f  th e  la rg e  s ta n d a rd  d e v ia t io n  
a s s o c ia te d  w i th  each  v a lu e .  Two f a c to r s  w hich c o n tr ib u te  to  th e  
la rg e  e r r o r s  a re  th e  heavy  atom e f f e c t  and th e  d is o rd e re d  cyano 
group . The p re se n c e  o f  a heavy atom ( I r ,  77 e le c t r o n s )  i n  th e  
v i c i n i t y  o f l i g h t  atom s (Cf 6 , and N,7 e le c t r o n s )  r e s u l t s  i n  l a r g e  
u n c e r t a i n t i e s  in  th e  p o s i t io n s  o f  th e  l i g h t  atom s w hich  a r e  r e f l e c ­
te d  in  th e  bond le n g th s  o f  th e  l i g h t  a tom s. The second o f  th e se
FIGURE 5.
End On View Of The D iso rd e re d  And I s o t r o p ic  
Models For 
[ir(TCM ) (CO) (PPh3) 2 ]  . h C6H6
DISORDERED MODEL ANISOTROPIC MODEL
FIGURE 6.
A Summary Of Bond L engths  And Angles D isp lay ed  
I n  The D iso rd e red  And A n is o t r o p ic  Models Of 







































f a c t o r s ,  th e  d i s o r d e r e d  g ro u p ,  a l s o  c au se s  u n r e l i a b i l i t y  in  th e  
a to m ic  p o s i t i o n s  b u t  t o  a much g r e a t e r  e x t e n t  th a n  t h a t  o f  the  
heavy atom e f f e c t .  Because o f  th e s e  l a r g e  d e v i a t i o n s ,  no 
d e f i n i t i v e  s ta te m e n t  can be made ab o u t th e  le n g th s  o f  t h e s e  bonds. 
However, a g e n e r a l  t r e n d  was no ted  in  th e  shape o f  th e  I n d iv id u a l  
m o d e ls .  The v a lu e s  i n  T ab le  X II  i n d i c a t e  t h a t  i n  ANIM model th e  
TCM m o lecu le  i s  a p p a r e n t ly  p la n a r .  But, i n  one o f  th e  DISM 
models th e  n i t r o g e n  atoms l i e  above th e  C1-C2-C4-C83 p la n e  (N l, 0 .1 2 3 ;  
N2, 0 .1 0 1 ;  N83, 0 .075  and the  C4 atom l i e s  below t h i s  p lan e
(C4, -0 .0 6 2  8 ) .  In  th e  o t h e r  d is o r d e r e d  model, th e  n i t r o g e n  
atoms l i e  below th e  C1-C2-C4-C93 p la n e  (N l, -0 .1 5 0 ;  N2, - 0 .1 3 0 ;
N93, -0 .2 0 1  X) w h i le  th e  C4 atom l i e s  above th e  p la n e  (C4, 0 .086  
S ) .  Thus, i n  th e  ANIM model th e  TCM l ig a n d  ap p ea rs  p l a n a r  w h ile  
th e  DISM s t r u c t u r e  can be viewed as  two n e a r l y  c o in c id e n t  TCM 
h a l f  m o le c u le s  b o th  o f w h ich  tend  toward t e t r a h e d r a l  c o n f i g u r a t i o n s .  
The en d -o n  v iew  o f th e  TCM in  F ig u re  5 d i s p l a y s  th e s e  a r ra n g em en ts .
In  o r d e r  to  u n d e rs ta n d  th e  r a t i o n a l e  beh ind  th e  DISM and 
ANIM m odels ,  a b a s i c  v a le n c e  bond a p p ro ach  t o  th e  Ir-TCM bonding  
may be used . There  a r e  f i v e  Lewis s t r u c t u r e s  t h a t  can  be 
drawn and a r e  v i s u a l i z e d  a s ,
(2 ) —  Ir N
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S in ce  th e  I r - N  bond d i s t a n c e  h a s  b een  e s t a b l i s h e d  a s  e s s e n t i a l l y  
a s i n g l e  bond , s t r u c t u r e  (4 ) c o n t r i b u t e s  t h e  l e a s t  o f  t h e  
Lewis fo rm s .  I n  s t r u c t u r e  (2 )  t h e  Ir -N -C  a n g le  would be e x p e c te d  
t o  d i f f e r  s i g n i f i c a n t l y  from 180° i f  t h i s  form  were a m a jo r  con- 
t r i b u t e r  to  th e  t o t a l  s t r u c t u r e .  The a n g le s  found i n  t h e  p r e s e n t  
compound a r e  175 .9  (1 9 ) °  f o r  DISM and 1 7 3 .0  ( 2 3 ) °  f o r  ANIM w hich  
i n d i c a t e s  t h a t  s t r u c t u r e  ( 2 ) d o es  n o t  c o n t r i b u t e  e x t e n s i v e l y  t o  
t h e  o v e r a l l  e l e c t r o n i c  s t r u c t u r e .  Form (1 )  o f  th e  f i v e  i s  most 
l i k e l y  th e  l a r g e s t  c o n t r i b u t o r  o f  a l l  the  Lewis s t r u c t u r e s  to  
t h e  t r u e  b o n d in g  scheme. The I r - N l - C l  a n g le  would be n e a r  180° 
and th e  TCM group would d i s p l a y  t r i g o n a l  p l a n a r  symmetry. The
a n i s t r o p i c  model c e r t a i n l y  d i s p l a y s  th e  180° an g le  and t r i g o n a l  
p la n a r  symmetry, bu t t h i s  form cannot e x p la i n  th e  h ig h  th e rm a l  
m otion d is p la y e d  by C3N3. I f  we c o n s id e r  some c o n t r i b u t i o n  from 
(3) and ( 3 f ) to  th e  t o t a l  form, we can e x p la i n  th e  ANIM and DISM 
s t r u c t u r e s .  In  th e  DISM s t r u c t u r e ,  i t  was p o in te d  ou t t h a t  th e  
TCM g ro u p s  d e f in ed  by th e  two d is o r d e r e d  models a re  puckered  in  
o p p o s i te  d i r e c t i o n s .  Forms (3) and ( 3 1) a r e  a l s o  p u ckered  in  op­
p o s i t e  d i r e c t i o n s  and form a t e t r a h e d r a l  a r rangem en t ab o u t th e  
c e n t r a l  carbon . The c o n t r i b u t i o n  o f t h e s e  two forms i s  l e s s  th an  
form (1 )  s in c e  the  TCM group shows o n ly  a s l i g h t  d e fo rm a t io n  from 
p l a n a r i t y .  This  s t r u c t u r e  would r e p r e s e n t  a t r u e l y  d is o r d e r e d  
model w here  h a l f  th e  m o le c u le s  i n  th e  c r y s t a l  would be d i s t o r t e d  
in  one d i r e c t i o n  w h i le  the  rem a in in g  m o le c u le s  would be d i s t o r t e d  
in  th e  o p p o s i te  d i r e c t i o n .
F or th e  ANIM m odel, th e re  a re  two p o s s ib l e  e x p la n a t io n s  
t h a t  n o t  o n ly  accoun t f o r  th e  n e a r l y  p la n a r  s t r u c t u r e  observed  fo r  
th e  TCM l ig a n d  but a l s o  th e  a p p a r e n t ly  h ig h  th e rm a l  m o tion  o f  the  
C3N3 cyano group. I f  we assume th e  s t a t i c  d i s o r d e r ,  DISM, i s  the  
c o r r e c t  model, then  t h e  av e rag e  p o s i t i o n  o f  th e  d i s o r d e r e d  groups 
would g iv e  r i s e  to  a t r i g o n a l  p la n a r  c o n f i g u r a t i o n ,  and th e  C3N3 
group would a l s o  a p p e a r  t o  e x h i b i t  h ig h  th e rm a l  m otion  i n  a t te m p t in g  
to  a c c o u n t  f o r  the  e l e c t r o n  d e n s i t y  i n  t h a t  r e g io n .  The o th e r  
p o s s i b i l i t y  i s  t h a t  t h e  two forms a r e  in  a dynamic e q u i l i b r iu m  
s i m i l a r  t o  the  um b re lla  in v e r s io n  i n  th e  NH  ^ m o le c u le .  T h is
dynamic d i s o r d e r  would a f f e c t  o n ly  th e  C3N3 u n i t  s in c e  t h i s  cyano 
group i s  s i t u a t e d  i n  a c a v i t y  c r e a te d  by th e  p ack in g  o f  m o lecu les
in  th e  s o l i d  s t a t e  (F ig u re  7 ) .  The C2N2 cyano group i s  l e s s  f r e e
to  o s c i l l a t e  b ecau se  o f  th e  l a c k  o f  sp ace  su r ro u n d in g  i t s  p o s i t i o n .  
From th e  d i f f r a c t i o n  d a ta  we cannot t e l l  w h e th er  th e  s t a t i c  d i s ­
o rd e r  or' th e  dynamic in v e r s io n  model d e p i c t s  th e  a c t u a l  p h y s ic a l  
s i t u a t i o n ,  b u t  i t  i s  c l e a r  t h a t  the  f i v e  Lewis form s c o n t r i ­
b u te  to  th e  o v e r a l l  s t r u c t u r e  i n  th e  o rd e r
(1) >  (3) = ( 3 ' )  »  (2 )  >  ( 4 ) .
T h e re fo re ,  th e  d i f f r a c t i o n  d a t a  and b o th  r e f in e m e n t  models a r e
c o n s i s t e n t  w i th  a n o n -p la n a r  TCM group.
I t  can  be concluded  from th e  above d i s c u s s io n  t h a t  form 
( 1 ) i s  t h e  e x c lu s iv e  c o n t r i b u t o r  t o  th e  p o ly m eric  s t r u c t u r e s  o f  
th e  i o n i c  s a l t  M(TCM)n where M = Na+, K+, Cu44", and Ag+, ^ r ^  
i n  w hich th e  TCM a n io n  i s  r e p o r t e d  to  be p la n a r .  Enemark and
Holm have perform ed  m o le c u la r  o r b i t a l  c a l c u l a t i o n s  f o r  th e  D_.3n
c o n f ig u r a t i o n  o f  th e  TCM a n io n  and found t h a t  th e  n e g a t iv e  charge
8r e s i d e s  e q u a l l y  on th e  e q u iv a l e n t  n i t r o g e n  atom s, b u t  i n  
Ir(TCM)(CO)(PPh^ ) 2 t h e  n i t r o g e n  atoms a r e  no lo n g e r  e q u iv a l e n t  and 
some c o n t r i b u t i o n  from forms (3) and ( 3 ’ ) i s  ex p ec ted  t o  th e  
o v e r a l l  s t r u c t u r e ,  th u s  i n t r o d u c in g  a d e fo rm a t io n  from  p l a n a r i t y .
C o n c lu s io n s : B addley  and L enarda  r e p o r te d  th e  s tu d y  o f
s e v e r a l  d ic y a n o k e te n im in a to  complexes o f  some nob le  m e ta ls  and
FIGURE 7 .
A P ack in g  Diagram of M olecu les  For 
[Ir(TCM) (CO) (PPh3) 2 ]  . % C6H6

14among th e s e  was th e  Ir(TCM)(CO)(PPh3) 2 complex. They r e p o r te d
a v a lu e  o f 2005 cnT* f o r  th e  CO s t r e t c h i n g  f re q u e n c y  and p r e d ic te d
e l s  s t e r e o - c h e m is t r y .  The p r e d i c t i o n  o f  th e  c i s  a rrangem en t was
based  on nmr s p e c t r a  o f  Ir(TCM) (CO) (PMePh^Jj o b ta in e d  from
Ir(TCM )(CO)(PPh^^* and on th e  c r i t e r i o n  o f  Kemmit and B l a n d . ^
Kemmit and Bland concluded  from e m p i r ic a l  o b s e r v a t io n s  t h a t  in
p l a n a r  complexes o f  p la t in u m , i r id iu m ,  and rhodium , when the
h ig h e r  en e rg y  band o f  the  two PPh^ i n f r a r e d  bands in  th e  re g io n  
-1o f  1570-1590 cm was g r e a t e r  i n  i n t e n s i t y ,  c i s  s te r e o c h e m is t r y  
was found.
When t h i s  s tu d y  re v e a le d  the  t r a n s  c o n f i g u r a t i o n  o f
Ir(TCM) (CO) (PPh3) 2 , a n a p p a re n t  c o n f l i c t  a ro s e  be tw een  in f r a r e d
and NMR d a t a ,  w hich p r e d ic te d  th e  c i s  a r ran g em en t,  and X -ray
d i f f r a c t i o n  d a ta  w hich  c l e a r l y  showed th e  t r a n s  s t r u c t u r e .  Since
t h e r e  was no t enough sample rem a in in g  from th e  r e c r y s t a l l i z e d
I r  compound used i n  th e  d i f f r a c t i o n  s tu d y ,  no i n f r a r e d  d a ta  could
be com piled . The o n ly  a l t e r n a t i v e  was t o  r e  s y n th e s iz e  th e  com-
14
pound u s in g  th e  method o f  B addley and L enarda . T h is  was done by Mrs. 
Diane H. H am ilton , who i s  a d o c t o r i a l  c a n d id a te  a t  L o u is ia n a  S t a t e  Uni­
v e r s i t y ,  B aton  Rouge, and th e  p ro d u c t  was r e c r y s t a l l i z e d  from d i c h l o r o -  
m eth an e /h ex an e ,  and an  i n f r a r e d  spec trum  was o b ta in e d ,  (F ig u re  9). T h is
spec trum  was compared w i th  t h a t  o f  th e  o r i g i n a l  compound and was
-1  -1found t o ’ a g re e  w e l l .  The v(C()was found t o  be 1993 cm (1995 cm 
a c c o rd in g  t o  Baddley and L enarda  who i n a d v e r t e n t l y  r e p o r te d  2005 cm
FIGURE 8.
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and th e  two bands o f  PPh^ (1570 -  1590 cm in d ic a te d  c i s  s t e r e o ­
c h e m is try .  The nex t s t e p  was t o  r e  c r y s t a l l i z e  t h i s  compound from 
benzene and hexane as  was done to  o b ta in  c r y s t a l s  f o r  the  p r e s e n t  
d i f f r a c t i o n  s tu d y .  The r e s u l t s  o f  th e  I n f r a r e d  spec trum  (F ig u re  9) 
a r e  q u i t e  d i f f e r e n t  from th o s e  o f  the  o r i g i n a l  compound. The v (CO) 
was s h i f t e d  t o  1980 cm * and the  r e l a t i v e  i n t e n s i t i e s  o f  th e  
bands i n d i c a t e d  a t r a n s  a rran g em en t.  Form th e s e  i n f r a r e d  d a ta  i t  
ap p ea rs  t h a t  th e  c i s  a rran g em en t found by  B addley and Lenarda had 
been c o n v e r ted  t o  th e  t r a n s  s t r u c t u r e  upon r e  c r y s t a l l i z a t i o n  from 
benzene and hexane .
T here  i s  one rem a in in g  q u e s t io n  co n ce rn in g  th e  h ig h
- 1
i n f r a r e d  f r e q u e n c y  f o r  th e  ca rb o n y l a t  1980 cm i n  th e  p r e s e n t  
t r a n s  compound. For h a lo g e n s  and p seudoha logens  o f  th e  form 
trans-[ir (X X C O ) ( P P h ^ g ]  (where X i s  C l, Br, I ,  and SCN) th e  i n ­
f r a r e d  f r e q u e n c i e s  a re  r e p o r t e d  t o  be 1950 ( C l ) ,  1956 ( B r ) ,
- 1  411955 (X), and 1971 (SCN) cm . From the  v a le n c e  bond approach  
i t  becomes c l e a r  t h a t  the- Lewis forms o f  TCM t h a t  c o n t r i b u te  
most to  th e  g e n e ra l  s t r u c t u r e  a r e  io n ic  (weak sigma d o n o r s ) .
S ince th e  PPh^ and c a rb o n y l  a r e  known to  be weak e l e c t r o n  d o n o rs ,  
t h e r e  a re  no l ig a n d s  su r ro u n d in g  the  I r  atom tfi a l l e v i a t e  th e  
p o s i t i v e  ch a rg e  on t h i s  c e n t r a l  m e ta l .  Because o f  t h i s  r e s i d u a l  
p o s i t i v e  c h a r g e ,  the  I r  i s  e l e c t r o p h i l l i c  and does n o t r e a d i l y  
back d o n a te  e l e c t r o n s  i n t o  th e  tt* system  o f  th e  carb o n y l s in c e  
t h i s  would c r e a t e  an even  l a r g e r  p o s i t i v e  charge  on th e  m e ta l .
FIGURE 9.
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T h e re fo re ,  w i th o u t  th e  back  d o n a t io n  o f  e l e c t r o n s  from th e  m e ta l  
^  o r b i t a l s  i n t o  th e  c a rb o n y l  a n t ib o n d in g  system , l i t t l e  weakening 
o f the  GO bond ta k e s  p la c e  and th e  CO s t r e t c h i n g  f re q u e n c y  i s  
found a t  a h ig h e r  e n e rg y  th a n  i n  t h e  c o rre sp o n d in g  h a lo g en  compounds 
which a p p a r e n t ly  c o n ta i n  more c o v a le n t  c h a r a c te r  i n  t h e i r  M - X 
bond th a n  t h a t  o f  th e  TCH complex.
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CHAPTER I I I .
THE X-RAY STRUCTURE DETERMINATION 
OF
TAMAULIPIN-A, Cl 5H2 ()03
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INTRODUCTION
In  r e c e n t  y e a r s ,  no m ajor su cc e ss  h a s  been  r e a l i z e d  i n
th e  f i e l d  o f  c a n c e r  r e s e a r c h .  The compounds s y n th e s iz e d  in
chem ica l l a b o r a t o r i e s  have met w i th  l im i t e d  su cc e ss  i n  a r r e s t i n g
the  grow th i n  can ce ro u s  c e l l s .  T h e re fo re ,  a new ap p ro ach  i s
be ing  im plem ented, t h a t  o f  i s o l a t i n g  from s e l e c t e d  p l a n t  s p e c ie s
n a t u r a l  p ro d u c ts  t h a t  a r e  known t o  e x h i b i t  a n t i le u k e m ic  and tumor-
1
i n h i b i t o r y  c a p a b i l i t i e s .
N. H. F is c h e r ,  L .S .U .-B .R . has  s u c c e s s f u l l y  i s o l a t e d
s e v e r a l  compounds o f  the  g e rm acran o lid e  c l a s s  ( s e s q u i te r p e n e
l a c to n e s  c o n ta in in g  a 10 -membered c a r b o c y c l i c  u n i t ) ,  some o f
w hich have been  shown to  e x h i b i t  t h i s  a n t i le u k e m ic  and turaor-
2 3i n h i b i t o r y  c a p a b i l i t y .  * One o f th e s e  compounds, Tam aulip in-A ,
was i s o l a t e d  from c e r t a i n  Mexican p o p u la t io n s  o f  th e  s p e c ie s
2aAmbrosia c o n f e r t i f l o r a  DC. An e x te n s iv e  chem ica l and s p e c t r a l
s tu d y  o f  th e  a c e t a t e  d e r i v a t i v e  o f  t h i s  compound was u n d e r ta k en  by
2bF i s h e r  et_ a l .  and from nrar s p e c t r a l  d a ta  th e y  concluded t h a t  in  
s o l u t i o n  th e  two m ethy l groups e x h ib i t e d  th e  svn o r i e n t a t i o n .
From a l i t e r a t u r e  s e a r c h ,  i t  a p p ea rs  t h a t  o n ly  one x - r a y  
s tu d y  has  been u n d e r ta k en  on a t r a n s . t r a n s  -  c y c lo d e c a - 1 , 5- 
d ie n e  g e rm a cran o lid e  s e s q u i t e r p e n e ,  b u t  t h i s  was a heavy atom (Ag)
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4complex. T h e r e f o r e ,  Tam aulipin-A  i s  th e  f i r s t  urtcomplexed 
s t r u c t u r e  o f  t h i s  ty p e  t o  be d e te rm in e d .  The s tu d y  o f  t h i s  
s t r u c t u r e  was u n d e r ta k e n  f o r  t h e  d u a l  pu rpose  o f  c o n f irm in g  
th e  s t r u c t u r a l  p r e d i c t i o n s  o f  F i s c h e r ,  and a l s o  to  l e a r n  th e  
p ro c e s s  o f  d i r e c t  m ethods.
CRYSTAL DATA
The p a le  y e l lo w  c r y s t a l s  o f  Tam aulip in-A , c i 5 H20°3 were
r e c r y s t a l l i z e d  from a b s o lu t e  e th a n o l  and a specimen 0 ,51  x 0 .42  x
0 .3 2  mm was used  in  th e  d i f f r a c t i o n  s tu d y .  The compound c r y s t a l l i z e s
i n  the  o rtho rhom bic  system  w i th  u n i t  c e l l  d im ensions  o f  £  = 7 .890
( 9 ) ,  b = 11 .957 (1 3 ) ,  c = 14.649 (17) 55, V = 1382 8 3 , and FQ0() = 536
e l e c t r o n s .  The d e n s i t y  was d e te rm ined  by th e  f l o a t a t i o n  method
u s in g  an aqueous s o l u t i o n  o f  sodium bromide and found t o  be 1 . 2 0  
-3
g.cm . The c a l c u l a t e d  d e n s i t y ,  assum ing fo u r  m o lecu les  p e r
-3
u n i t  c e l l ,  i s  1 .19  g.cm .
The c r y s ta l  used fo r  data c o l le c t io n  was bounded by 
fa c e s  b e lon g in g  the th e  forms { l0 0 } ,  [0 0 l3 , {0 1 0 }, and {O il} .
No a b s o r p t io n  c o r r e c t i o n  was made s in c e  th e  c a l c u l a t e d  l i n e a r  
a b s o r p t io n  c o e f f i c i e n t  (p, f o r  1 = 0 .7107 £) was 0 .8 9  cm"'*’. As­
suming a r a d i u s  o f  0 .0 2 5  cm, t h i s  r e s u l t s  in  a (iRmax = 0 .0 2 ,  
w hich  i n d i c a t e s  t h a t  a b s o r p t io n  d id  n o t  s i g n i f i c a n t l y  a l t e r  the  
i n t e n s i t y  d a t a .
Because o f  th e  o r th o g o n a l  u n i t  c e l l  chosen , th e  pho tog­
ra p h y  o f  r e c i p r o c a l  space  was s i m p l i f i e d  and s e v e r a l  W eissenberg , 
p r e c e s s i o n ,  and cone a x i s  p h o to g rap h s  were ta k e n .  The s y s te m a t ic  
ab sen ces  d i s p la y e d  on th e  em uls ion  f i lm s  were hOO, h = 2n + 1;
OkO, k = 2n + 1 ; OOjJ> 1 s  2n + 1, and th e s e  ab sen ces  u n iq u e ly  
d e f in e  space  group P2^2^2^ (D^, number 1 9 ) .^
EXPERIMENTAL PROCEDURE
The c r y s t a l s  o b ta in e d  from th e  r e c r y s t a l l l z a t l o n  o f  th e  
compound were v e ry  l a r g e .  A c r y s t a l  o f  s u i t a b l e  s i z e  was c u t  
from one o f  th e  la rg e  c r y s t a l s  and examined c a r e f u l l y  under a 
p o l a r i z i n g  m icroscope  f o r  any i n d i c a t i o n  o f  tw in n in g .  The specim en 
appeared  t o  be a good s i n g l e  c r y s t a l  and , t h e r e f o r e ,  a s e r i e s  o f  
p h o to g rap h s  was tak en  u s in g  Cu K a  r a d i a t i o n  ( \  = 1.541 8 ) t o  
d e te rm in e  th e  u n i t  c e l l  and th e  o r i e n t a t i o n  o f  th e  c r y s t a l .
Once th e  o r i e n t a t i o n  was e s t a b l i s h e d ,  th e  c r y s t a l  was 
t r a n s f e r e d  t o  an  E nraf  Nonius PAD-3 f o u r  c i r c l e  d i f f r a c t o m e t e r  
i n  p r e p a r a t i o n  f o r  d a ta  c o l l e c t i o n .  The c r y s t a l  was c a r e f u l l y  
a l ig n e d  ( s e e  C hap ter I ,  E x p er im en ta l  P ro ced u re )  and th e  6-20 
s c a n  te c h n iq u e  was employed in  th e  d a ta  c o l l e c t i o n .* ’ The 
r e f l e c t i o n  i n t e n s i t i e s  were c o l l e c t e d  i n  two s e t s ;  one o f  
t h e t a  from 4 .5  t o  2 0 .0 °  and th e  o th e r  from 2 0 .0  to  25.0*^.
In  th e  f i r s t  s e t ,  some o f  th e  r e f l e c t i o n s  r e q u i r e d  an  a t t e n u a t o r  
check  (se e  C h ap te r  I I ,  E x p er im en ta l  P ro ce d u re )  w h i le  i n  th e  
second s e t ,  t h e  r e f l e c t i o n s  were l e s s  in t e n s e  an d , t o  save t im e  
i n  d a ta  c o l l e c t i o n ,  no a t t e n u a t o r  checks were made. I n  t h i s  
m anner, 1418 i n t e n s i t i e s  were c o l l e c t e d  and in t ro d u c e d  in to
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program DTFDAT, which c a lc u la te d  th e  observed  s t r u c t u r e
a m p li tu d e s  and th e  r e s p e c t i v e  sigmas f o r  th e  r e f l e c t i o n s .  T h is  
in f o r m a t io n  was punched on computer c a rd s  t o  be used l a t e r  in  
t h e  s o l u t i o n  and re f in e m e n t  o f  th e  s t r u c t u r e .
Between each  s e t  o f  97 r e f l e c t i o n s  c o l l e c t e d , th r e e  
s ta n d a r d  r e f l e c t i o n s  were measured t o  m onito r  any s y s te m a t ic  
o r  random f l u c t u a t i o n s  i n  th e  I n t e n s i t y  d a t a .  The l a r g e s t  change 
i n  th e  re c o rd e d  i n t e n s i t i e s  was 0 . 1% and t h i s  su g g es te d  t h a t  no 
s i g n i f i c a n t  change o ccu r red  in  th e  i n t e n s i t y  d a t a .
SOLUTION OF THE STRUCTURE
The a p p ro ach  used In  th e  i n i t i a l  d e te r m in a t io n  o f  th e  
m o le c u la r  s t r u c t u r e s  i n  C hap ters  I  and I I  i s  n o t  a p p l i c a b l e  t o  
o rg a n ic  s t r u c t u r e s .  In  the  s o l u t i o n  o f  th e  f i r s t  two s t r u c t u r e s ,  
th e  P a t t e r s o n  in t e r a t o m i c  v e c to r  method was invoked w h i le  h e re  
th e  a p p l i c a t i o n  o f  d i r e c t  methods i s  more a p p r o p r i a t e .  To ap ­
p r e c i a t e  th e  d i f f e r e n c e  between th e  two m ethods, some u n d e rs ta n d in g  
o f  th e  s t r u c t u r e  f a c t o r  i s  n e c e s s a ry .
The g e n e r a l  form o f th e  s t r u c t u r e  f a c t o r ,  can
viewed a s  th e  r e s u l t a n t  o f  waves s c a t t e r e d  by th e  atoms i n  a 
u n i t  c e l l  in  th e  d i r e c t i o n  hkJfc. T h is  r e s u l t a n t  can be r e p r e s e n te d  
in  th e  s im p le s t  form as
-  I ' I •*“.
where | F | i s  th e  am p li tu d e  and 0£ i s  th e  phase a n g le  w i th  r e s p e c t
to  a s e l e c t e d  o r i g i n .  I n  g e n e r a l ,  when th e  u n i t  c e l l  c o n ta in s  j
a tom s, th e  e x p r e s s io n  becomes
Fhk* -  £j  c i “ J-
From th e  Laue e q u a t io n s ,  i t  i s  p o s s ib l e  t o  fo rm u la te  th e
phase  a n g le s  i n  te rm s o f  th e  s c a t t e r i n g  v e c t o r  hkX and th e
in d i v i d u a l  a tom ic  p o s i t i o n s  x ^ ,  y^ , z^ ,  such t h a t
■p _ v  f  2n i ( h x ,  + ky , + j tz .)
*hkJL ~ e 3 3 3 •
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Since f j  i s  p r o p o r t io n a l  to  th e  number o f  e l e c t r o n s  i n  
atom j ,  I t  can be I n f e r r e d  from th e  p re c e e d in g  e q u a t io n  t h a t  th e  
heavy atom w i l l  be th e  l a r g e s t  c o n t r i b u t o r  t o  th e  phase and 
a m p li tu d e  in  th e  c a l c u l a t i o n  o f  T h e re fo re ,  once th e  heavy
atom i s  lo c a t e d ,  a crude e s t i m a te  of b o th  th e  am plitude  and th e  
phase  o f  i s  o b ta in e d  and by a s e r i e s  o f  d i f f e r e n c e  maps
^ o b s ' ^ c a l c ^ * a d d i t i o n a l  a tom ic  p o s i t i o n s  o f  the  l i g h t e r  atoms 
can be found.
For o rg a n ic  compounds devoid  o f  heavy atom s, t h i s  
a p p ro ach  would n o t  be as v a l i d  s in c e  a l l  th e  atoms in  th e  u n i t  
c e l l  p o s s e s s  a p p ro x im a te ly  th e  same a tom ic  s c a t t e r i n g  power 
and c o n t r i b u t e  t o  th e  phase an g le  e q u a l ly .  The d i r e c t  methods 
a p p ro ach  does n o t  in v o lv e  l o c a t i n g  a tom ic  s i t e s ,  b u t ,  r a t h e r ,  
makes d i r e c t  ap p ro x im a tio n s  o f  th e  phase a n g le  Q£ u s in g  s t a t i s t i c a l  
a rg u m en ts .  T h is  method was used in  the  s o l u t i o n  o f  the  p r e s e n t  
s t r u c t u r e  f o r  th e  noncen trosym m etric  space  group P2^2^2^. In  
t h i s  sp ace  g roup , th e  phases  o f  th e  hkO, h0£, and Okf r e f l e c t i o n s  
a re  r e s t r i c t e d  by symmetry to  th e  v a lu e s  0 /1 8 0  o r 90/270 d e g re e s .  
Using t h i s  f a c t ,  an  o r i g i n  can be d e f in e d  by choosing  t h r e e  o f  
th e s e  phase r e s t r i c t e d  r e f l e c t i o n s  and a r b i t r a r i l y  a s s ig n in g  to  
each  a p h ase .  C e r t a i n  r e s t r i c t i o n s  a re  p la c e d  on th e  s e l e c t i o n  
o f  t h e s e  o r i g i n  d e f in in g  r e f l e c t i o n s  and th e  c r i t e r i a  f o r  t h i s  
s e l e c t i o n  a r e :
(1) No r e f l e c t i o n  o f  2n, 2n, 2n v a lu e  can be u sed ;
(2 ) No two r e f l e c t i o n s  can be o f  th e  same p a r i t y  group 
( I . e . ,  203 (ggu) and 043 (ggu ) i s  f o r b id d e n ) ;
(3 )  The sum o f  a l l  t h r e e  i n d ic e s  may not be even  ( i . e . ,
S h a 2n, and U k  = 2n, and 2  Z = 2n i s  f o r b i d d e n ) .
I n  a d d i t i o n  to  th e  o r i g i n - d e f i n i n g  r e f l e c t i o n s ,  two a d d i t i o n a l
r e f l e c t i o n s ,  one o f  which i s  used in  th e  d e f i n i t i o n  o f  th e  e n a n t io -
morph, a r e  chosen  from th e  g e n e r a l  r e f l e c t i o n  d a ta .  These r e ­
f l e c t i o n s  have no r e s t r i c t i o n s  on the  v a lu e s  o f  t h e i r  p h a se s .
Thus, th e  v a lu e s  o f  45, 135, 225, and 315° a r e  s y s t e m a t i c a l l y  
permuted f o r  th e s e  two r e f l e c t i o n s  fo r  a t o t a l  o f  e i g h t  combl-
12n a t i o n s .  By use  o f  the  S ay e r  r e l a t i o n s h i p  and sym bolic  a d d i t i o n ,  
th e  most p ro b a b le  phases  f o r  th e  rem ain ing  s t r u c t u r e  f a c t o r s  a re  
c a l c u l a t e d  and a f ig u r e  o f  m e r i t  (FCM), w hich  i s  r e l a t e d  to  th e  
p r o b a b i l i t y  t h a t  the  phaBes a r e  c o r r e c t ,  i s  d e te rm ined  f o r  each 
o f th e  e ig h t  s e t s .  U t i l i z i n g  th e  phases t h a t  produce th e  h ig h e s t  
FOM, a F o u r i e r  s y n th e s i s  (E map) i s  c a l c u l a t e d  and th e  peaks  
d i s p la y e d  on th e  map a re  c a r e f u l l y  p lo t t e d  t o  s e a rc h  f o r  an  image 
o f  th e  m o le c u le .  T h is  i s  t h e  g e n e ra l  p ro c e d u re  t h a t  was used 
i n  l o c a t i n g  th e  carbon  and oxygen atoms i n  th e  i n i t i a l  s o l u t i o n  
o f  th e  s t r u c t u r e .
Observed s t r u c t u r e  f a c t o r s  f o r  1418 indep en d en t r e -
g
f l e c t i o n s ,  were in p u t  to  EGALC. This  p rogram  c a l c u l a t e s  th e
n o rm a lized  s t r u c t u r e  f a c t o r s  E .. f o r  each  r e f l e c t i o n  by
-2 B (s in 2 0/X2) -2
J  J
where
F , . . = observed  s t r u c t u r e  f a c t o r  hkjfc
Uhkjj = u n i t a r y  s t r u c t u r e  f a c t o r  
^ikX ” wel-8^t:,-n8 f a c t o r  (sp ace  group dependen t)
B = o v e r a l l  te m p e ra tu re  f a c t o r  
f j  = a tom ic  s c a t t e r i n g  f a c t o r  
N = t o t a l  number o f  r e f l e c t i o n s .
The 200 l a r g e s t  n o rm a lized  s t r u c t u r e  f a c t o r s  ranged  from 1 .4  to
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3 .4  and were in p u t  to  MULTAN, a program w hich  may a u to m a t i c a l ly  
s e l e c t  th r e e  o r i g i n  d e f i n i n g  r e f l e c t i o n s ,  an  enan tiom orph  d e f in in g  
r e f l e c t i o n ,  and one a d d i t i o n a l  g e n e ra l  r e f l e c t i o n .  The FCM f o r  
th e  r e s u l t i n g  e ig h t  s e t s  ranged  from 0 .6 1  t o  1 .1 5 .  E maps-were 
c a l c u l a t e d  f o r  th e  two b e s t  s e t s  o f  p h a s e s ,  b u t  no image o r  
p a r t i a l  image o f  th e  m olecu le  could be lo c a t e d .
The number o f  E v a lu e s  in p u t  i n  MULTAN was d e c re a se d  
and s t i l l  no image could  be found. The o r i g i n  d e f in in g  r e f l e c t i o n s  
were s e le c te d  m anually  and even t h i s  d id  no t produce an  image o f  
th e  m o lecu le .  In  a l l ,  s e v e r a l  v a r i a t i o n s  o f  in p u t  and d e f in e d  
o r i g i n s  were t r i e d  b u t  no s o l u t i o n  from program MULTAN r e s u l t e d .
No r e a s o n  f o r  th e  d i f f i c u l t y  in  l o c a t i n g  th e  atoms cou ld  be 
d e te rm in e d .
T h e re fo re ,  a second s e t  o f  programs c o n ta in e d  in  X -ray  
7 2 ^  were a p p l ie d  t o  th e  problem . T h is  s e t  o f  packaged programs 
f o r  c r y s t a l l o g r a p h i c  problem s, c o n ta in s  a d i r e c t  methods l i n k .  
The s t r u c t u r e  f a c t o r s  were n o rm a lized  i n  s u b ro u t in e  NORMSF by
I Fhki I
|Eh k J =  —  * “
U  Sj f* >%
where
*hkj& "  s t r u c t u r e  f a c t o r  f o r  r e f l e c t i o n  hkj&
e = w e ig h t in g  f a c t o r  (sp ace  group dependen t)
f j  = a to m ic  s c a t t e r i n g  f a c t o r  f o r  jf*1 atom
2DK = s c a l e  f a c t o r  to  e n su re  <E > = 1 .0 .
O r ig in  d e f in in g  r e f l e c t i o n s  (0715, Q£ = 90° ; 1 0 3 , a  = 90° ;
1 6 0 , Oi = 90°) and an  enan tiom orph  d e f in in g  r e f l e c t i o n  ( 4 2 9, 
0( = 4 5 ° ) ,  were m an u a l ly  s e le c te d  from a l i s t i n g  o f  r e f l e c t i o n s  
w i th  th e  h ig h e s t  E v a l u e s .  T h is  s e l e c t i o n  o f  phases  r e s u l t e d  
In  an F0M o f 0 .0 9 5 .  The v a lu e  o f  FCM ex p ec ted  f o r  an i n d i c a t i o n  
o f  a p ro b a b ly  s o l u t i o n  should f a l l  i n  th e  ran g e  o f  0 .9 5  to  1 .2 0 . 
S ince t h i s  v a lu e  was f a r  from th e  ex p ec ted  ra n g e ,  two a d d i t i o n a l  
r e f l e c t i o n s ,  1 0  8 and 0 1 4 ,  whose phases  a r e  r e s t r i c t e d  to  
0 /180  and 90/270 d e g re e s  r e s p e c t i v e l y ,  were used t o  su p p ly  ad ­
d i t i o n a l  a r b i t r a r y  p h a se s .  The v a lu e s  0°  and 90° f o r  th e  two
r e s p e c t i v e  r e f l e c t i o n s  r e s u l t e d  in  an  FCM o f  0 .6 6 .  Using th e  
p h a se s  g e n e ra te d  i n  t h i s  s e t ,  an  E map was c a l c u l a t e d  and t h i r ­
t e e n  su sp e c ted  a tom ic  s i t e s  were e x t r a c t e d .
A d ia g o n a l  l e a a t - s q u a r e s  f i t  was a p p l ie d  t o  th e s e  
p o s i t i o n a l  p a ra m e te rs  r e s u l t i n g  i n  R = 0 .4 9 .  At t h i s  tim e th e  
l a r g e  v a lu e  f o r  th e  r e s i d u a l  f a c t o r  was i n t e r p r e t e d  a s  i n d i c a t i n g  
an  i n c o r r e c t  s t r u c t u r e .  However, C. T. G ra in g e r ,  h a s  r e p o r te d  
th e  r e s u l t s  o f  a d i r e c t  methods s tu d y  o f  (3 -D -ribopyranoside  
(C& i n  t 'ie i n i t i a l l y  c a l c u l a t e d  R v a lu e  was
0 .4 3  even a f t e r  l o c a t i o n  o f  a l l  e le v e n  o f  th e  carbon  and oxygen 
atoms i n  th e  m o lecu le .
With t h i s  i n  m ind, a F o u r ie r  d i f f e r e n c e  map was c a l ­
c u la t e d  u s in g  933 observed r e f l e c t i o n s  ( I ( n e t )  > 1 .0  a  ( I ) )  and 
tw e lv e  o f  the  t h i r t e e n  peaks  p r e v io u s ly  f i t  by d ia g n o a l  l e a s t -  
s q u a r e s .  Four a d d i t i o n a l  non-hydrogen  atoms were l o c a t e d  in  t h i s  
map and a f t e r  t h r e e  c y c le s  o f  r e f in e m e n t  an  R v a lu e  o f  0 .41  
r e s u l t e d .  The two rem a in in g  non-hydrogen atoms were lo c a te d  on 
an  a d d i t i o n a l  d i f f e r e n c e  map and b lo c k  d ia g n o a l  l e a s t - s q u a r e s
was perform ed f o r  th re e  c y c le s  w i th  a w e ig h t in g  scheme of 
2
w = l / ( s i g  Fq) a p p l ie d  t o  each  r e f l e c t i o n ,  y i e l d i n g  R = 0 .32  
and = 0 .2 1 .  Three a d d i t i o n a l  c y c le s  v a ry in g  th e  i s o t r o p i c  
th e rm a l  p a ra m ete rs  on th e  ca rb o n  and oxygen atoms w ere c a r r i e d  
o u t  g iv in g  R = 0 .277 and Rw = 0 .151 .
To t h i s  p o in t  th e  oxygen atom o f  th e  OH group had been
h e ld  c o n s ta n t  In  o rd e r  t o  d e f in e  th e  o r i g i n  o f  th e  c e l l .  S in ce  
t h i s  atom appeared  t o  e x h i b i t  h ig h  th e rm a l m o tion , atom C3 was 
f ix e d  a s  a new o r i g i n  d e f in in g  p o s i t i o n  and th r e e  a d d i t i o n a l  
c y c le s  o f  f u l l  m a t r ix  l e a s t - s q u a r e s  were c a l c u l a t e d  w i th  733 r e ­
f l e c t i o n s  (X (n e t)  >  2 .0  cr ( I ) )  p roduc ing  R = 0 .237  and = 0 .0 9 1 .  
Twenty hydrogen atoms were lo c a te d  from a F o u r ie r  d i f f e r e n c e  map 
and a f t e r  s e v e r a l  c y c le s  o f  re f in e m e n t  o f  th e  carbon  and oxygen 
a tom ic  p o s i t i o n s  and r e - l o c a t i n g  th e  c e n t e r s  o f  th e  H atoms i n  
d i f f e r e n c e  maps, th e  agreem ent f a c t o r s  dropped to  R = 0 .164  and 
R = 0 .0 6 0 .W
At t h i s  p o in t  a n i s o t r o p i c  th e rm a l  m otion  was in t ro d u c e d  
f o r  th e  t h r e e  oxygen atoms and w i th  atom C4 h e ld  c o n s ta n t ,  t h r e e  
c y c le s  o f  w e ig h ted  f u l l  m a t r ix  l e a s t - s q u a r e s  gave r e s i d u a l  v a lu e s  
o f  R k 0 .117  and R^ = 0 .0 4 2 .  Three a d d i t i o n a l  c y c le s ,  v a ry in g  
on ly  th e  p o s i t i o n s  o f  th e  hydrogen  atoms produced  R = 0 .114  and 
Rw = 0 .0 4 0 .  The ap p ro x im a te  p o s i t i o n s  o f  th e s e  hydrogen atoms 
a r e  by no means to  be c o n s t ru e d  a s  c o m p le te ly  r e l i a b l e  s in ce  
th e  r e l a t i v e  c o n t r i b u t i o n  t o  th e  r e f l e c t e d  i n t e n s i t i t e s  o f  t h e s e  
hydrogen  atoms i s  sm a l l .  F ig u re  10 i s  a s t e r e o  view  of th e  com­
p le t e d  s t r u c t u r e  w hich in c lu d e s  th e s e  ap p ro x im a te  hydrogen 
l o c a t i o n s .
T ab le  X I I I  c o n ta in s  t h e  p o s i t i o n a l  p a ra m e te rs  f o r  a l l  
th e  atoms i n  th e  asym m etric  u n i t .  The observed  and c a l c u l a t e d  
s t r u c t u r e  f a c t o r s  a r e  found i n  T able  XIV. Bond le n g th s  and a n g le s  
f o r  th e  m o lecu le  a r e  in  T ab le  XV, and t o r s i o n  a n g le s  a r e  l i s t e d  in  
T ab le  XVI.
TABLE X III.
Atomic C o o rd in a te s  And Thermal P a ram e te rs  F o r  
Tam aulip in-A ,
TABLE X III .
Atom C oordinates fo r  th e  [ ^ 5^20^3  ^ M olecule.
Atom
4
x (10 ct) y  ( l o 4 a) z (104 <?) B (10 a)
Cl -0 .3 0 1 4 (17) -0 .3 8 3 9 ( U ) -0 .8 0 9 9 (7) 4 .4 (3)
C2 -0 .1 6 6 6 (18) -0 .4 7 7 7 (13) -0 .8 1 4 2 (8) 5 .6 (3)
C3 -0 .0 4 8 9 (17) -0 .4 4 8 6 (11) -0 .8 9 8 8 (6) 4 .2 (3)
C4 0 .0183 -0 .3 3 3 6 -0 .8 9 6 8 3 .0 (2)
C5 -0 .0 7 6 4 (13) -0 .2 4 9 9 (10) -0 .9 3 4 0 (7) 3 .3 (2)
C6 -0 .0 5 9 9 (18) -0 .1 3 0 7 (11) -0 .9 0 8 2 (8) 3 .7 (3)
C7 -0 .2 4 4 2 (16) -.0.0783 (12) -0 .8 9 1 2 (7) 4 .4 (3)
C8 -0 .3 1 4 8 (20) -0 .0 8 8 4 (18) -0 .7 9 5 6 (8) 5 .2 (4)
C9 -0 .4 0 4 9 (16) -0 .2 0 0 3 (10) -0 .7 7 2 2 (7) 4 .6 (3)
CIO -0 .2 8 8 6 (15) -0 .2 9 4 0 (11) -0 .7527 (8) 4 .3 (3)
C ll -0 .2 1 2 7 (18) 0 .0363 (12) -0 .9 2 8 8 (8) 4 .9 (3)
C12 -0 .0 6 9 5 (24) 0 .0341 (18) -0 .9 8 8 1 (9) 5 .2 (3)
C13 -0 .3 0 5 0 (21) 0 .1 2 7 4 (13) -0 .9 1 0 5 (9) 7 .5 (4 )
C14 -0 .1 7 1 8 (19) -0 .2 7 4 9 (13) -0 .6 7 4 3 (9) 7 .6 (4)
Cl 5 0 .1745 (16) -0 .3 2 3 2 (10) -0 .8 3 7 1 (7) 4 .7 (3)
01 -0 .2 3 5 1 (12) -0 .5 8 4 0 (11) -0 .8 2 3 3 (6) *
02 0 .0126 (16) -0 .0 6 5 9 (11) -0 .9 8 3 6 (5) *
03 -0 .0 0 8 0 (14) 0 .1031 (10) -0 .0 4 1 1 (5) *
HI -0 .1 0 1 6 (131) -0 .4 8 9 8 (85) -0 .7 5 2 3  (53) 5 .0
H2 -0 .1 4 3 5 (159) -0 .4 5 8 1 (87) -0 .9 5 4 2 (57) 5 .0
H3 0 .0345 (126) - 0 .5 1 3 8 (85) -0 .9 1 8 2 (62) 5 .0
H4 -0 .1 8 5 0 (114) -0 .2 9 3 1 (92) -0 .9 7 7 1 (54) 5 .0
H5 0 .0084 (127) -0 .1 4 5 0 (98) -0 .8 4 9 9  (67) 5 .0




Atom x (104 <*) y  ( 104 0 ) z  (104 B (10 a)
H7 -0 .2 0 6 9 (148) -0 .0 9 1 2 (94) -0 .7 4 6 0 (64) 5 .0
H8 -0 .3 7 1 2 (154) -0 .0 2 2 7 (95) -0 .7 8 7 5 (55) 5.0
H9 -0 .4 7 4 0 (114) -0 .2 3 9 3 (100) -0 .8 2 7 8 (60) 5 .0
H10 -0 .4 9 0 6 (130) -0 .1 8 1 0 (90) -0 .7 0 8 8 (60) 5 .0
H ll -0 .3 9 4 6 (146) -0 .3 7 1 5 (95) -0 .8 7 1 7 (66) 5 .0
H12 -0 .2 6 6 5 (137) -0 .2 6 0 5 (107) -0 .6 2 4 6 (65) 5 .0
H13 -0 .1 3 2 3 (166) -0 .3 4 3 0 (107) -0 .6 5 3 8 (65) 5 .0
H14 -0 .1 0 4 0 (133) -0 .2 0 0 1 (82) -0 .6 8 9 0 (69) 5.0
HI 5 0 .2975 (134) -0 .3 5 5 6 (108) -0 .8 6 4 6 (64) 5 .0
HI 6 0 .1628 (143) -0 .2 5 8 7 (113) -0 .8  438 (65) 5 .0
HI 7 0 .1360 (122) -0 .3 3 5 2 (90) -0 .7 6 6 7 (64) 5 .0
H18 -0 .2 3 4 4 (129) 0 .1850 (91) -0 .9 3 2 5 (54) 5 .0
HI 9 -0 .3 9 2 8 (152) 0 .1179 (94) -0 .8 6 0 1 (65) 5 .0
H20 -0 .2 3 2 7 (133) -0 .6 2 2 8 (94) -0 .8 8 7 5 (55) 5 .0
* A n is t ro p ic  th e rm a l  p a ra m e te rs  f o r  oxygen atoms a r e  o f  th e  form
exp < - ( h 2p11 + k 2022 + * ^ 3 3  + 2 ^hkP i2 + ^ 1 3  + kjep23> ) ) .
Atom 104 pix  104 p22 104 P33 104 p12 104 p13 104 p23
01 364 (28) 66 (8) 114 (6) -69  (12) 47 (13) 12 (7)
02 292 (25) 69 (8) 69 (5 )  10 (12) 25 (11) 12 (6)
03 507 (36) 85 (9) 78 (6 )  -6  (16) -6  (12) 19 (7)
TABLE XIV.
The Observed And C a lc u la te d  S t r u c t u r e  F a c to r s  
F o r  T am aulip in-A ,
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TABLE XV.
Bond Lengths And A ngles Found For Taraaulipin-A,
159
TABLE XV.
Bond Lengths  (Angstrom ^ And Bond Angles (D egrees)  For
C^15H20°3^'
Bond (10^ <j) Bond (10^ cr)
Cl - C2 1 .55 (2)
Cl - CIO 1.37 (2)
Cl - H ll 1.17 (10)
C2 - C3 1 .5 8 (2)
C2 - 01 1J39 (2)
C2 - HI 1.05 (9)
C3 » C4 1 .4 8 (1)
C3 - H2 1.11 (10)
C3 - H3 1 .06 (10)
C4 - C5 1 .36 (1 )
C4 - Cl 5 1 .52 (1)
C5 - C6 1 .48 (2)
C5 - H4 1 .18 (9)
C6 - C7 1.60 (2)
C6 - 02 1 .46 (2)
C6 - H5 1.02 (10)
C7 - C8 1.51 (2)
C7 - C ll 1 .50 (2)
C7 - H6 0 .93 (9)
C8 m C9 1.55 (2)
C8 - H7 1.12 (11)
C8 - H8 0.91 (12)
C9 - CIO 1 .48 (2)
C9 - H9 1 .08 (10)
C9 - H10 1.17 (10)
CIO - C14 1.49 (2)
C l l - C12 1.42 (2)
C l l C13 1 .34 (2)
C12 - 02 1.36 (2)
C12 - 03 1.23 (2)
C13 - HIS 0 .9 4 (10)
C13 - H19 1.02 (11)
C14 - H12 1.06 (10)
C14 - H13 0 .9 2 (13)
C14 - HI 4 1 .06 (10)
C15 - HI 5 1 .12 (11)
C15 HI 6 0 .7 8 (14)
Cl 5 - H17 1.09 (10)





(1 0  a) Angle (1 0  a)
C2-C1-C10 122.9 ( 11 ) C8-C7-C11 1 1 8 .3  (13)
C1-C2-C3 106.0 ( 10 ) C7-C8-C9 116 .2  (13)
C1-C2-01 113.6 (ID C8-C9-C10 1 1 4 .4  (11)
C3-C2-01 110.7 ( 10 ) C9-C10-C1 115 .6  (10)
C2-C3-C4 113.5 (9) C9-C10-C14 114 .7  (11)
C3-C4-C5 118.7 (7) C1-C10-C14 129.7  (12)
C3-C4-C15 112.3 ( 6 ) C7-C11-C12 1 0 9 .8  (14)
C5-C4-C15 128.1 ( 6 ) C7-C11-C13 1 2 5 .5  (13)
C4-C5-C6 123.8 (9) C12-C11-C13 124.6 (15)
C5-C6-C7 109.6 (U) C11-C12-02 1 1 1 .4  (15)
C5-C6-02 110.5 ( 10 ) C11-C12-03 133 .1  (19)
C7-C6-02 105 .4 ( 10 ) 02-C12-03 1 1 5 .5  (15)
C6-C7-C8 116.6 ( 11 ) C12-02-C6 1 0 8 .3  (11)
C6-C7-C11 98 .6 ( 1 0 )
TABLE XVI.
T orsion  A ngles Found For Tam aulipin-A,
A a c 0 •  Ml Aft OC CS 94
C I e  a C fi C 4 ■ t i l 1*04 t .o a 1.40
C I c  a c fi 4  fi - o e . s 1 .00 Uftfi 1*14 1 .7 9
c  t e  a C fi H fi • to o .f t 1.40 t*a» 0 .4 4
C 1 c  a 0  1 HtO a o .4 i . n 1,3ft 1 .14 3*03
e  % c m C a c  a • t e a .* 1*37 1.44
C 1 e ta c  t n  a • 7 .4 1.37 1*40 t .1 9
C 1 Gl6 c  a fflO i t a « i 1*37 1*44 1.17
C | e ta Cl* mix • t t a .f i 1 .37 1*44 1 .1 9
C 1 c i  a CI4 Ml fi •ia .% 1 .37 t .4 f O.fift
c  t CIO Cl* HI# 130*0 1*77 l*4fi 1*34 3.43
C T C K CIO c a t44 .fi 1*00 1.37 1.4ft
c ■ C t CIO a # -1 1 -ft t«ft9 1*37 t .« a
C fi C 3 c  * c  a -0 7 .f i 1*0* 1 .40 1*34
C f c  a C 4 c ia 0 1 .7 1 .1* 1.44 1 « U 3* KB
C f C J H fi 4 fi •130*7 ■•Sfi l . l i 1*31 l . f i f
c  t C J h fi H fi 0 4 .1 i . n o*a« 1*91
C I c  t e  i CIO - o o - t l*Sfi 1.00 1*37
c  a c  a C 1 M l 4 4 .4 i .a a t.OB t* l»
c  a c  » C 1 Hie • i a . f i i  d ii i . i a 1*14
C 3 C 4 C ft C 4 taa .fi 1*44 1.3a 1 .41
C 3 C • C 4 H 4 —4 .4 l*4ft 1.34 1*04 f i .U
c  a C 4 CIS Mitt 40.1 1.44 t .f t i 1*13
C ) G 4 Clft Mft it * .a 1 .41 l.ftfi 1*00
C 3 C 4 c ia HIT -44*3 t .« a l .f t l 1 .00
C ft c  a c  a 0 1 t7ft.fi 1.44 l - f t l 1 ,3 4
c ft C fi c a M 1 *ft**fi M l t*aa 1*04
C  A e  a «  a H fi tOfi.4 1*44 t . i a 1*31
C I C fi M 3 H fi - 1 * 1 .0 1*44 o .aa 1*31
C 4 c  • C 4 C 7 -131*1 1.34 t .4 4 1*44
C 4 e  e c a G fi 111.7 1*34 t .f t l 1.47
C 4 c  a c  a H ft •1 0 .7 1 ,34 1.44 t*03
C 4 Ct* M l HU lOT.fi I .O f t.fifi UTfi
C 4 c ia Hia Hta - lf if t .0 l*9fi 1*40 i .7 a
c  * c ia Ml* M r 103.4 l . f t l l .« 0 1*91 1.74
C 4 c t* 411 Hta -fift.fi t»!V 1.00 1*fi!
C fi C 4 C fi H » J tt.l 1.34 1.41 1*19 1*49
C 9 C 4 C 3 M fi i ta . f i 1.34 t*«a a*ta
C 9 6 4 Clft Mft • I 3 t .f i 1*34 l .f t l i . i t J .M
c  a C 4 e ta HI* —17*| t *34 i . t i t*«e
c fi C 4 eta HIT a * .* 1*34 t . a i l*CO
c a C 4 c  7 e  a aa.fi ! * • • t*aa 1*41
c  % C 4 c  t c u •143*7 1*44 1 .M 1*99
c  a C 4 e  t h a - t* « 0 1*44 I *40 O.fifi
c  « C 1 c  a C ll 140.0 1 .44 1*47 1 .34
c  a c  ■ C 4 Clft -1 1 .7 1*44 1.34 1*9 |
c  • C*7 c  a c  a -4 3 .0 1**0 l .f t l 1*09
C 4 C 7 c  a H 7 a a .a 1*40 t -a t 0*«« 1.7ft
e  < C 7 c  a M • t*fi«4 1*44 1*41 1 .1 3 3 .9 1
C 4 C 7 C ll C | | • 4 .4 t.ftO i .a a 1,41
C « C 7 Ctl CI3 •140*0 l.ftQ i .a a 1 .34 3*44
C 4 C 7 C ll M|« -tJO .fi 1*40 l.ftO I.Tfi
c  • 0 fi c ifi C ll - a . i 1*47 1*34 1*41 1 .3 9
C 7 C 4 c  a H 4 • 4 .0 1 .40 1 *44 1.04
C 7 c  a o  a Cl* •  1*7 1*44 1*47 1 .34 1 .3 4
C 7 c  a c  a CIO 77*0 U l i* t e t.ftft 3 .30
G 7 c a c  a M 4 -47*1 1.41 1 .94 i . n 1*94
C 7 c  a c  a HIO •  |««*ft l - f t l t.ftft 1,17
C 7 c  a M 7 h a I04.fi l . f i l O.fifi 1 .41
C 1 c  a h a M V - t  0**0 1.31 1 .1 3 1*41
C 7 c u Cl* o a - a .a I .SO l .4 f l-3 « 1*44
C 7 C ll c ia Hta 1 0 ^ 9 I .SO 1.34 o*ar
C t C ll Cl 3 >aa 11*0 1 4 1 1*34 1.04
t  7 C ll Hta ctfi • 4 4 ,7 l.ftO 1.71 ft.fiT
c a C 7 e a O fi - i f i t . a l* « t 1*40 1*47 3 .7 9
c  a C 7 c a H ft - 9 3 .4 1.91 1*40 t .03 1 .94
A a c e
c  a C 7 Cll Clfi
c  a C 7 C ll e t a
c  a C 7 a i MU
c  a c  a e i o c t *
c  « e  a C 7 c u
C fi c • C 7 M «
c  a c  a h 7 M a
c  a c  • m a H 7
c  a CIO C 1 H I
C I CIO c t f t H it
c  a CIO Clft MIS
c  a CIO c t# Mft
CIO C 1 C fi a  1
e t c C 1 C 1 H |
c t o c  a e  a M 7
c i  e c  a C 9 H 0
CIO Cl 4 HU HIS
e tc Clft Mil HI fi
C ll C 7 C 6 0  1
C ll C T c  a H 9
C tl C 7 C 4 H 7
C ll C T c  a M 4
C tl HI ■ CIS m i
C ll C || C 7 K %
C ll c u CIS m o
C ll C ll CIS HI4
C ll Ctl H19 c t s
C ll a  ■ C 4 H 9
CI3 C ll C 7 H 9
CIS c u Clfi C fi
Clft CIO C t 411
Clft c ia c  a M ft
e ta c i  e c a MID
Clfi C 4 C 3 ► 1
Clft C 4 C 9 ► 3
CIS C 4 C ft H ft
C19 H19 Hta ►t?
Clft HIT Mia MIS
0 C 1 c  I H U
c c  fi c  a H >
0 1 C 1 C 3 M 3
0  1 C 4 e  a H 4
0  1 C 4 C 7 H fi
0 1 Ctfi C ll Hlft
H C 1 C 1 Ml |
H 1 C fi C 3  - ► *
H c  a C 3 H 3
N C 1 0  t HfiO
H 4 C 9 c  a H 1
H • c  e e  t M ft
h a C 7 c  a H 7
m a C 7 e a 4 ft
H 4 C 7 C t l HI 1
M 7 c  a C 4 H ft
H 7 c  a c  a Htft
h  a c  a c  a H ft
h a c  a C 4 H |«
H|» H IJ Clft Htft
Ml J H U C|4 Hlft
MIS C1B Hta MI7
H19 C lft HIT Hlft
H U Hta Clft HIT
Hta H lft Clft HIT
H ta Ctl CIS 414
m i AS K CO DA
1*7.0 1*91 1.90 ■ *4« 3,71
1.11 1.99 1.34 3,00
-ft.3 1 «B t 1*09 I.Tfi 3 * «
94*7 1.99 1.49 1,4* 3.07
19ft *7 l«BB 1*01 1*90 3*09
10-0 1.99 1*91 0,0ft 7-41
- l i f t . ft t.sm 4.79 1.41 t .a a
tia .f i 1.90 t «13 1*4! i .a a
•3 .4 l.fift 1.37 1*10 a .s a
41*4 1*40 1*ftft l . l t t V,70
149.1 t.ftft 1*49 0*ftt 3.34
•ft 9.0 I.4B t *41 1,34 1*70
140*1 1*17 1*99 1.39 3-94
19.9 1.37 1 *90 1.04 a .s a
-94*1 l.fift 1.00 a.** I.AA
-199*3 t.ftft 1*99 1.13 3 .Sfi
119*7 i«fta l*IB 1.90 1.01
-104.7 1.4ft 0.90 I.SO fi-flf
- tf t .f t 1*90 1,9ft 1,47 a .s e
aa-ft 1-0C t*ftl 1,03 a.FB
•aa*o 1.90 1.04 C.99 1*71
ift.fi 1*90 1*91 1.13 1 4 1
143*3 I.Tfi 0 ,07 1.04 fi»aa
•77 .9 t.fifi 1*94 a.9ft 3*43
1*41 1.34 0*07 4.1ft
•t«»*4 1.41 1,34 1.94 3,39
ia i .f i l*4fi t.Tfi ft. 07 1*49
- • • • i 1*3* 1.47 1 -OS 3*01
iftfi.i t*3fi 1*00 9.0ft 3.13
171*9 1*34 l.ftfi 1,3ft 3.07
174*0 1*49 1*37 1*30 3.40
471.t l.fift l.fift 1.99 3*94
•49* ft i**a 1 .49 1,17 4,97
•1*4.4 l.ftfi 1 *4 ft 1.10 3,99
-7 1 . ft t*fti 1,40 I . N I tM
-171*4 1*03 l->* t.ftft 3.47
33*3 t.fifi 1.79 1*03 1.00
•13*3 1*00 t .o a 1,70 1*44
-93,4 1.3ft l.BB t* to 3*09
43.3 1*3* 1-39 1*10 •  *40
-34 .0 1.79 1.90 0*04 fi.74
-fiO.ft 1*47 1.40 1*04 t.Oft
93*4 1.47 i .a a ft- ft ft K.70
llft.fi 1*34 t.fifi 1*71 f i . t l
•177*7 1.04 l.BB 1*37 3*44
140.0 1*04 l.B * 1,19 4,90
ao*a 1-04 1,0ft 0.0* fi.Tft
-190.3 1*04 1,39 l . l f t ■*97
I3ft.fi l-ftfi 1*40 l.« 3 4 . St
•147*0 1*03 1.40 o - a t 4*99
IAI.fi o.aa !*»( «*«« 3.00
•110*7 0.0ft l .f t l 1.13 4.74
131*1 o-ao 1 .90 a.T i s .an
-IT * .* o .a* 1*00 1.39 3*04
77.9 •  .ft* a .99 1*17 4.73
7ft ,7 1*13 1*09 l . t l 4*40
-fi3*ft 1.11 I .U 1.17 4*34
1IC.0 1.9ft 0*0fi 1*39 1,9*
-130*7 1.9ft 1 .IB 1*30 1*04
l-tf i I.CO l . t l 1**0
119*9 t.fifi 1,90 l . t t 1.71
117.1 t . r a t.OB t.a o 1*99
-111*9 1.7* l*XJ i .a a 1*94
-147*9 I .  73 1.3ft t.ftft WftJ
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DISCUSSION
C l a s s i f i c a t i o n  o f  t h e s e  s e s q u i t e r p e n e  la c to n e s  i s  based
on th e  n a tu re  o f  th e  two double  bonds i n  th e  c y c lo d e c a - 1 , 5-d ie n e
14r i n g  system , i . e . ,  w h e th e r  th e y  a r e  c i s  o r  t r a n s .  There  a r e ,
t h u s ,  fo u r  d i s t i n c t  c a t e g o r i e s :  t r a n s - t r a n s . t r a n s - c i s .  c i s - t r a n s .
and c i s - c i s  f o r  A  ^ and A ^^*^ r e s p e c t i v e l y .  The f i r s t  t h r e e
c a t e g o r i e s  c h a r a c t e r i z e  t h e  g e rm a c r o l id e s ,  m e lam op lides , and th e  
14h e l i a n g o l i d e s ,  and th e  p r e s e n t  compound e x h i b i t s  th e  t r a n s - t r a n s
c o n f i g u r a t i o n  o f  th e  g e rm a c ro l id e s .
The o v e r a l l  c o n f i g u r a t i o n  o f  tam au lip in -A  (F ig u re  10)
2i s  t h a t  p r e d i c t e d  by F i s c h e r  e t  a_l and i s  s i m i l a r  to  th e  con-
4
f i g u r a t i o n  found i n  th e  X -ray  d i f f r a c t i o n  s tu d y  of d o s tu n o l id e .
The bond le n g th s  and a n g le s  found i n  t h i s  s t r u c t u r e  d e te r m in a t io n
do n o t  d i f f e r  s i g n i f i c a n t l y  from th e  v a lu e s  r e p o r te d  f o r  
13 14melampodin, * w hich  i s  a member o f  th e  m elam olldes . Both 
s t r u c t u r e s  c o n ta in  a b i c y c l i c  b a s i c  u n i t  c o n s i s t i n g  o f  a f i v e  
atom la c to n e  r i n g  t r a n s  fu sed  to  a t e n  membered r i n g  a t  C6 and 
C7. I n  ta m a u l ip in -A , th e  two carbon  atoms bonded t o  th e  t e n  
membered r i n g  a t  atoms C4 and CIO a re  syn t o  one a n o th e r  and th e  
OH group bonded t o  atom C2 i s  s i t u a t e d  a n t i  t o  th e s e  m ethy l g roups . 
In  c o n t r a s t ,  th e  melampodin m o lecu le  c o n ta in s  carbon  .atoms a t ta c h e d
FIGURE 10.
The M olecular C on figu ration  o f  Taraaulipin-A,

t o  atoms C4 and CIO a n t i  to  each  o th e r  and th e  epox ide  oxygen 
bonded t o  atoms C2 and C3 i s  a n t i  t o  atom CX5 (F ig u re  1 1 ) .
The r e l a t i v e  c o n f ig u r a t io n s  found a t  th e  c h i r a l  c e n t e r s  a r e
2S, 6R, and 7S (melampodin 2Rf 6R, 7 S ) .  These a ss ig n m en ts  con­
form to  th e  a b s o lu te  c o n f i g u r a t i o n  p r e d ic t e d  by F i s c h e r ,  b u t 
the  a b s o lu t e  c o n f ig u r a t i o n  was no t de te rm ined  e x p e r im e n ta l ly  in  
t h i s  s tu d y .  I t  should  be p o in te d  ou t t h a t  th e  d i f f e r e n c e  i n  the  
c h i r a l i t y  o f  atom C2 f o r  th e  two m o lecu les  i s  caused  by a 
d i f f e r e n c e  i n  the  sequence a ss ig n m en ts  and should  n o t  be con­
s t ru e d  a s  s ig n i f y i n g  a d i f f e r e n c e  i n  th e  o v e r a l l  c o n f ig u r a t io n .
In  b o th  m o lecu les  atoms C6 and C7 se rv e  t o  l i n k  th e
la c to n e  system  w i th  t h a t  o f  th e  t e n  membered r i n g  and t h e r e  i s  
c o n s id e ra b le  s t r a i n  a t  t h e s e  two s i t e s  w hich i s  m a n i fe s te d  in  
th e  C6-C7 bond l e n g th s  o f  1 .60  (2) X i n  tam au lip in -A  and L549
(3) X i n  melampodin. The n o n - t e t r a h e d r a l  a n g le s  ab o u t th e  C7 
atom f u r t h e r  i n d i c a t e  th e  s t r a i n  p r e s e n t  a t  t h i s  l o c a t i o n :  
C6-C7-C8 116.6  (11) and 117 .0  ( 2 ) ° ,  C6-C7-C11 98 .6  (10) and 
100 .0  ( 2 ) ° ,  and C8-C7-C11 118 .3  (13) and 118.3  ( 2 ) °  f o r  
ta m a u lip in -A  and melampodin r e s p e c t i v e l y .  The s i g n i f i c a n t  d e v i ­
a t i o n  o f  th e s e  a n g le s  from th e  t e t r a h e d r a l  a n g le  109° 2 8 '  i s  
a p p a r e n t .  An even more d ra m a t ic  i n d i c a t i o n  o f  r i n g  a t t a i n  in  
th e s e  m o le c u le s  i s  d i s p la y e d  a t  th e  and bonds . The
t o r s i o n  a n g le s  f o r  th e  p r e s e n t  compound a re  summarized in  
T ab le  XVI, and th e  v a lu e s  o f  156 .3°  f o r  A^ and 16 6 .2 °  f o r  A ^ ^ ^
FIGURE 11.
A Comparison Of The S k e l e t a l  Ring S t r u c t u r e s  Of 













can  be seen  Co d i f f e r  ( 6T) from Che un d lsC o r ted  180° a n g le  by 
23 .7  and 1 3 .8 °  r e s p e c t i v e l y .  6T I s  a m easure o f  r i n g  s t r a i n  a t  
th e  doub le  bonds, and a p p a r e n t ly  t h e r e  i s  a s i g n i f i c a n t  d i s t o r ­
t i o n  t h a t  t a k e s  p la c e  a b o u t  th e s e  two bonds i n  th e  c v c lo d e c ad ie n e  
system . Melampodin g iv e s  th e  same i n d i c a t i o n  o f  s t r a i n  a t  th e se  
two bonds i n  th e  v a lu e s  o f  155.4  (A^) and 4 . 4 °  ( A * ^ ^ ) ,  and th e  
8T v a lu e s  a r e  24 .6  and 4 .4 °  r e s p e c t i v e l y .  Comparing th e  t o r s i o n
an g le s  f o r  t h e s e  two compounds, i t  becomes a p p a re n t  t h a t  th e  6T
o 4v a lu e s  o f  2 3 .7  and 2 4 .6  f o r  A i n d i c a t e s  l a r g e  and e q u a l  s t r a i n
i n  b o th  m o le c u le s .  However, the  6T v a lu e s  f o r  A ^ ^ ^  o f 1 3 .8 °
f o r  ta m a u lip in -A  and 4 . 4 °  f o r  melampodin su g g e s t  t h a t  th e  s t r a i n
in  th e  t r a n s  ( ta m a u lip in -A )  c o n f ig u r a t io n  i s  g r e a t e r  th a n  t h a t
o f  th e  c i s  (ibelampodin) c o n f ig u r a t io n .
From the  above d i s c u s s io n  o f melampodin and ta m a u l ip in -A ,
two members o f  th e  g e rm a cran o lid e  s e r i e s ,  we can see t h a t  th e  same
two l o c a t i o n s  o f  heavy s t r a i n  o ccu r  in  b o th  m o le c u le s ;  a t  carbon  
4
C7 and a t  t h e  A bond. The r e a c t i v i t i e s  o f  th e  i n d i v i d u a l  r i n g
systems would be p r e d i c t e d  to  be s i m i l a r  f o r  th e  t r a n s - t r a n s  and
th e  t r a n s - c i s  compounds. However, i n  th e  t r a n s - t r a n s  s p e c ie s
t h e r e  a p p e a r s  t o  be a d d i t i o n a l  s t r a i n  a p p l ie d  t o  th e  r i n g  a t  th e
Ai a 0 )  bond, a l th o u g h  th e  m agnitude o f  t h i s  d e fo rm a t io n  i s  l e s s  
4
th a n  a t  th e  A bond. I n  o rd e r  t o  make t h i s  s tu d y  com ple te ,  
r e p r e s e n t a t i v e s  from th e  c i s - t r a n s  and c i s - c i s  (n o t  y e t  known) 
groups shou ld  be s tu d ie d  and th e  t o r s i o n  s t r a i n  measured t o  de ­
te rm in e  i f  one o f  th e s e  c a t e g o r i e s  i s  favored  over the  o th e r s  on 
th e  b a s i s  o f  s t r a i n  i n  t h e  cyc lo d ecad ien e  r i n g .
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